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The object o£ this volume is to pre- 
sent clearly and briefly the essential 
qualities of potable water, how it may 
be obtained and the significance of 
chemical, bacteria! and microscopical 
of its quality, both in themselves 
and relatively. There is also some dis- 
cusfiion of the value of pure water, the 
relations between water and disease, 
and typhoid fever records as an index 
of the purity or impurity of public _ 
water supplies, f 

The need for some such concise, non- 
technical review as is here attempted 
has often been impressed upon the 
author, and will be evident, on reflec- 
tion, to all w^Iio have liad occasion ~ 
give attention to the subject. 



are to-day some 5,000 cities and villages 
in the United States and Canada which 
have a public water supply, while a hun- 
dred or more are added to the list each 
year. A large proportion of these supplies 
are lacking in one or more of the essen- 
tials of potable water, comparatively few 
being treated in any manner to make 
good their deficiencies. Many of the very 
worst supplies are delivered to our larg- 
est cities, but this condition has been rap- 
idly changing of late. An earnest agita- 
tion for better water is now in progress 
throughout the country. It is daily in- 
creasing in strength and already includes 
hundreds if not thousands of seekers for 
information that will throw light on their 
specific local problems. Most of the 
books on water supply now available are 
technical in character and relate to the 
design and construction of water supply 
and purification plants, to the technique 
of water analysis, or are devoted prin- 



cipally to etatiatics ehowmg the effect of 
the qiialitj of water on the typhoid 
death-rateB of cities, The&e books are 
most excellent, bnt luany searchers for 
knowledge wish something less detailed 
and techaicalj at least to begin with. 
Engineers and many water-works 
superintendents must, of course, plunge 
deeply into the subject, but hosts of 
superintendenta of sraaUer works, to- 
gether with water commissioners, mem- 
bers of boards of public works, health 
boards and city councils, mayors, phy- 
sicians and pubUc-spirited citizens, l)oth 
men and women , now find themselves 
for the first time confronted with these 
important problems of pure water sup- 
ply and desire to learn something about 
them ^vithont the expense of time or 
money required by extensive treatises 
It is for such people, and for stndents 
in technical and medical schools that 
this Yolnme is more especially designed. 



6 

It may shock some people to have it 
suggested that physicians and members 
of boards of health are in need of ele- 
mentary training in matters pertaining 
to pure water. But such is the case. 
Until within a few years neither our 
medical nor engineering schools gave 
any adequate instruction in sanitary 
matters, and it is to be feared that some 
of each class are still deficient in that 
respect. 

The author does not expect that 
those who have paid close attention to 
all phases of water supply for years 
past, whether engineers or otherwise, 
will learn much from this volume. To 
these, and to all who wish to pursue 
the matter further, recourse may be 
had to the following books : Eeports of 
the Massachusett's State Board of 
Health since 1899; Hill's "Public 
Water Supplies"; Hazen's '^ Filtra- 
tion of Public Water Supplies " ; Fuer- 



tes "Water Filtration Works "j Kirk- 
wood-9 ** Filtration of River Waters"; 
Mason's "Water Supply, Chemical and 
Samtar}%" and bis '* Esamination of 
Water " j Frankland's ** Micro-Organisms 
in Water" ; Rafter^s ** Microscopical Ex- 
amination of Potable Water ^* j WHipples' 
"Microscopy of BnEking Water"} Fner- 
tes'" Water and Public Healtb^j Pan- 
ning'^s "Water supply Engineering^^j Tur- 
neaure and Ensseirs " Public Water Sup- 
plies " f Westou^s " Report on Filtration 
Tests at Providence" j Gould's "Elements 
o£ Water Supply Engineering" ; Puller's 
^- Water Purification at Louisville " and 
also his Report on the Cincinnati e^eri- 
menta J the Report of the Filtration Com- 
mission of Pittsburgh, by Hazen, Sedg- 
wick and others ; the ** Journal of the New 
England Water- Works Association " and 
other technical societies j the files of the 
" Engineering News," *^ Engineering Rec- 
ordj" and other engineering journals. 
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In conelusion, it should be said that 
this volume replaces one in this series 
with practically the same title, but other- 
wise entirely dissimilar, by Charles 
Watson Folkard and others, published 
about twenty-five years ago. The origin- 
al volume consisted of a paper and dis- 
cussions before the Institution of Civil 
Engineers. Nothing could better illus- 
trate the progress of sanitation than a 
comparison of many of the ideas express- 
ed in the earlier volume with the theory 
and practice of the present day. The 
present volume has been written without 
regard to the contents or methods of the 
earlier one, and is in every respect ex- 
cept name an entirely new book. The 
present edition of this volume has been 
revised throughout, partly rewritten, and 
some new matter has been added. 

M. N. B. 
220 BsoADway, Kew Yobe, 
Jan. 22, 1906. 
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moppRiy or 

Potable wittier is water sgiuf^afefe for 
drinking, ■whetB.er made so by natat^ ©r 
art. While le^s than one per cent, of ill© 
water supply of a city is nsed for drink-, 
ing and cuEnaiy purposes it is the aljnost 
nniyersal ptiictice to attempt to haTotk^ 
other 9D/per - Cf^nl potable water- 'eJ-so. 
This is due' partly to the great ctj&b- and 
inconvenieifce *that wonld^f-e^uft from a 
dnal supply and partly to "'t.he danger 
that if two supplies were available that^ 
one would be taken for drinking pur- 
poses which happened to bo most con- 
Yenient at the momentj regardless of its 
quality. Without pursuing this phasa 
of the subject further, it may be as- 
sumed that under present conditions 
the whole water supply of a city or town 
must be potable* 

The quantity of water whichj generally 
speaMngj may be considered as sufficient 
for a city supply is a daily average of 100 
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gallons per capita. To secure tM^ 
amount, of potal4e water is becoming 
more-di^anlt }^ear by y^ar. This is due 
to U"yarie% of reasons, chief of which 
are-iiiTsreasing urban populations and a 
standard of purity which is constantly 
risingi The increase in population makes 
;the problem doubly hard, because it 
mea^ts^ demand for watetr ia ad^^ance of 
the^irs^te of accession to the papulation, 
omiigioa dispropnrtional waste of water 
and R (Ji^^'^i^tion in the ■quantities of 
pure watsr avft'lable, All these things 
join in making determinations of the 
potability of water much more essential 
and far more in demand than heretofore. 
In the case of existing supplies it be- 
comes necessary to study them closely 
to determine whether they are approach- 
ing the danger limitj and what, if 
anythingj can be done to avert the 
danger, either by diversion of pollu- 
tion or some method of punfication- 
When it is decided to go afield for new 
sources of supply these must be studied 
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with great care. Where purification is 
attempted frequent and careful examina- 
tions of the water must be made to de- 
termine whether the beat reeuHs are being 
attained at a minimuui expense. 

The foregoing .ccnsidertitions suggest 
the following outlijne of the contetite - of 
this Toluma: * '': ^ 

I. What constitutes potable water, 
II* How ^ijtable water may be secured, 
IIL Ha# to detect impuritiea. 
IV, Sow potable laboratories. - . ,>^ 

To avoid, ppasible misujuler^tflliSfingj 
it may be said here that ,t!^^^!m of this 
little book is not to-pr^seni $ manual ou 
any phase of water -works design or con- 
struction, or on the examination of water, 
if that were possible in bo small a com- 
pass. What is desired is to indicate 
clearly the proper standards for potable 
water, how these may be realized, and 
how the results actually attained may be 
judged. 
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WHAT CONSTITUTES POTABLE WATER. 

The -most vitai -quality;; of potable water 
is '^^f^dom from -these polluting sub- 
^fetfLiiQfes which are the direct causes of dis- 
• ^asi^/ But disease germs ^v<e no physical 
•^tiflence of their presence;' uo til after 
more or less elaborate cultiirei iyhile color, 
turbidity, taste and odor are'rj^3ily appre- 
ciaible "and may bo very- annoying to the 
eye> ibAgue and nose. ^ Hence, to the 
populafl'Tiiind*?»at8r is judged by its ob- 
vious "phyrical chagracteristics first of all. 
On this accouait it is often hard to arouse 
the water consumer and taxpayer to the 
importance of avoiding the use of sewage- 
polluted water, when harmless odors or 
color would give rise to a storm of pro- 
test and an urgent demand for the ex- 
penditure of money for their removal. 
Classed in order of importance the essen- 
tials of potable water are as follows: 
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(1) Freedom from disease germs. 
(3) Absence of substances that derange 
and undermine the human system. 

(3) Freedom from suspended matter^ 
or turbidity. 

(4) Absence of color, 

(5) Absence of odor and taste. 

(6) Coolness, 



The disease germa most to be feared 
in drinking water are typhoid fever and 
cholera, both of which are due to sewage 
pollotion. There is so little cholera in 
America that it is generally dismissed 
from consideration after having been 
mentioned. This is quite permissible, 
since all that is siiid regarding the pre- 
vention of the spread of typhoid fever 
through water appliea equally to cholera. 
Typhoid fever is so very prevalent here 
that it merits far more consideration than 
it receives. Undoubtedly it would be^ 
mpidly exterminated^ or reduced to small 
proportions, if the domestic water supply 
of city and country ahke were permanent- 
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ly freed from contamination by human 
excreta. There would still remain milk 
and other food as means of infection^ 
but with pure water for cleansing dairy 
ntensils and diluting milk this source of 
danger, second only to water, would be 
almost wholly cut off. Infection through 
food other than milk is probably very 
small, except where conveyed by flies from 
improperly exposed and disinfected privy 
vaults to kitchens, pantries or dining 
tables. The close relationship between 
water supplies and typhoid fever will be 
discussed in a subsequent portion of this 
book. 

Infectious diseases other than typhoid 
fever and cholera, if ever conveyed by 
water to any marked extent, would also 
be subjected to reduction in like manner 
hy freeing water supplies from the effect 
of sewage pollution. Aside from infec- 
tious diseases, the digestive tract is more 
or less subject to derangement through 
the use of water containing matter in 
suspension, whatever its origin. Organic 
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matter In considerable amounts may 
cause diarrhoea or dysentery, especial- 
ly if it is derived from sewage 5 and it 
is possible that diarrhoea may be con- 
veyed from person to person by water. 
Generally speaking, any of the min* 
oral salts found in water would be 
objectionable to the taste or smell 
before becoming strong enongh to 
lead to hai*mful results, except pos- 
sibly the carbonates and sulphates 
cansing hardness. Changing suddenly 
from hard to soft or Boft to hard 
water causes mnch annoy ancCj to 
say tho least, to some people. 

Lead poisoning may be mentioned 
here, although this comes, if at all^ 
through the action of water of cer- 
tain classes in its passage through 
lead pipes. 

Turbidity, or suspended matter, is ob- 
jectionable both because of its possible 
derangement of the human system, as 
mentioned above, and on accotint of the 
bad appearance it imparts to the water 
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and utensils holding it. Depending npon 
the fineness of the grains of suspended 
particles, and upon their color, it may 
cause variations in the appearance of 
water ranging from light, milky cloudi- 
ness through the whole range of grays, 
reds, yellows, browns and even to almost 
inky blackness, in coal-mining regions. 
Color may be due to turbidity, but as 
often used in analytical reports, it refers 
more to an actual stain than to mechan- 
ically suspended matter. Iron may give 
a very decided reddish color, but if this 
filters out readily it may be set down as 
due to iron in suspension* If the iron is 
so combined as to require chemical rather 
than, or combined with, mechanical ac- 
tion, for its removal, then it may be 
classed more as a stain. One of the 
most fruitful sources of co?or is peaty 
soil and another is vegetable matter> 
where water, for instance, comes from 
swamps, or overflowed meadows, resulting 
in what some Westerners delight in calling 
" vegetable tea.^' Color may also be due 



to the development of low forms of or- 
ganic life in the water. 

Odor may be cansed by the gases of 
decomposition of either animal or vege- 
table matter ^ by the decay of inert mat- 
ter, or by the life processes of some of 
the lower organisms. Lite color, it ia 
seldom directly harmfnl, but it may be 
very annoying, or even nauseating. 
Nothing will raise a greater storm of 
protest against a water supply than some 
of the odors due to the life or decay of 
algae and similar lower organisms. 

Coolness is essential to the agreeable- 
ness rather than the healthfulness of 
water, although partly through custom 
it has come to bo considered one of the 
prime essentials of drinking water. It 
is rarely the case that coolness can be 
allowed much or any weight in choosing 
between sources of water supply, except 
where comparatively limited quantities 
are to be provided. Generally speaking, 
underground sources yield water many 
degrees cooler than surfaoe sources and 
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other things being equal this might be 
an important factor in deciding between 
two sources. One seldom sees it men- 
tioned in an engineer's report on supplies 
of any magnitude, but in setting forth 
the attractions of cities and towns much 
stress is often placed on the fact that 
cool artesian water is available. The ef- 
fect of such a supply in reducing ice bills 
might be quite large, as a whole. In 
most cases, other factors than coolness 
would have a preponderating influence in- 
selecting a water supply, especially since 
water may be so readily cooled by ice. 
This suggests the importance of pure ice 
supplies, so the expenditure of huge sums 
for securing pure water may not be nul- 
lified by polluting the latter with impure 
ice. In general it may be said that ice 
should be cut or manufactured only from 
potable water. Freezing is not a safe- 
guard against disease germs, but there is 
a tendency for the organic impurities to 
be forced downward as the ice forms on 
natural sheets of water, so unless the 
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water ia shallow tlie ice formed on atreatns 
or lakea may be somewhat purer than the 
original water. Artificial ice has the im- 
purities, if any, concentrated in the cen- 
ter of the cake. It is common to distill 
or filter (sometimes be*i>) water nsed in 
making artificial ice* Every housekeeper 
and head of a family should look care- 
fully into the source of the ice supply. 
It is safer, in any event, to pkce ice 
around rather than in contact with water 
or food which is to be cooled, as thou 
there is much leas chance of contamina- 
tion. This may result in an actual saving 
of ice and have the further advantage, in 
the case of water, of not producing so low 
a temperature and thus so much possible 
harm from drinking ice water* It is ob- 
vious to any person who has watched tha 
cutting or manufacture, storage, traus- 
portation and delivery of ice that even if 
naturally pure it may become infected 
with disease germs before it reaches the 
ice chest or w^ater cooler. A little re- 
flection along this and similar lines will 
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afford possible explanations of some of 
the ^^ mysterious dispensations of Provi- 
dence/* and the spontaneous origin of 
disease, regarding both of which, happily, 
we hear less now than a few years ago. 

Before leaving the consideration of 
what constitutes potable water a few 
words may be said regarding its advan- 
tages, for certainly they are fully appre- 
ciated in but few cities or towns, although 
there are great contrasts in this respect 
and there has been much improvement of 
late. The existence of intimate relations 
between water and health is accepted al- 
most universally by all intelligent people, 
but it is unfortunately true that sanitary, 
like moral, principles, are much more 
readily accepted as abstract truths than 
made a part of daily practice. Thou- 
sands and thousands of men and women 
in their prime, and bright and promising 
youths, are sacrificed yearly to typhoid 
fever caused by drinking sewage-polluted 
water. To every such death there are 
from five to ten cases of sickness and re- 
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covery from tkis disease, which generally 
run B a we arisomely long eo u rs e. Besides 
the typhoid there are inany other and 
^minor instances of bowel troubles, Al- 
9wing only 25^000 deaths from water- 
ae typhoid annually in the United 
B&f and only six cases to each death, 
there would be 150,0CX) cases. For every 
reported case of typhoid with sickness 
extending over some weeks^ it is safe to 
assume two cases, or 300^000 in all, of 
unreported typhoid and of water-borne 
diarrhoea and dysentery of longer or 
shorter prevalence,* This is an enor- 
mous debit against impure water. But 
it is far from being all. Everything that 
diminishes the natural attractions of water 
for drinking and bathing purposes, Hke 
turbidity, color, bad tastes and odors, 
tends to lessen the sum total of healthful* 
ness and vitality. Scores of cities might 
be named where the water delivered to 



* The deaths from typhoid fever repoTte<| hy the LT, h. 
Census of iSOOf totaled S&,S7tt; from dlairhoeal dkeaaea 



consumers regularly,- or at frequent inter- 
vals, is so muddy as to make the thought 
of bathing in it repulsive; it suggests 
anything but cleanliness. Water of some 
«ort is simply indispensable. The differ- 
-ence between the value of pure and im- 
pure water supplies is well nigh, if not 
absolutely, inestimable. 

Though outside the scope of this vol- 
ume, it may properly be noted in passing 
that the qualities that make water pota- 
ble also enhance its value for many in- 
dustrial purposes, so there is added reason 
for insisting on having only pure water. 



HOW POTABLE WATER MAY BE 
SECURED. 



Having outlined the characteriitica and 
value of potable water it is in order ta 
inquire how it may be secured, or, b^ing 
secured, how it may be preserved from 
threateued contamiiiation» 

The natural aim is to search out and 
appropriate some source of supply which 
yields water possessing the desirable qual- 
ities already described. If the search is 
^^ain then artificial means must be pro* 
^feided to make good nature's omissions or^ 
more likely, man's commissions. 

Water supplies may be divided broadly 
into two great classes, surface and under- 
ground. Surface supplies are drawn from 
streams, lakes, or artiiicial resnrvoirSjand 
anderground water from wells or filter gal- 
leries. Barring the collection of atmos^ 
pheric dust and bacteria in its downward 
rainwater is as pure as it can ba 
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made by nature's great distillery. It is af te :t7 
striking the earth, for the most part, th^ti 
it becomes contaminated. In running ov^ :r 
or through the earth it takes up minere/ 
salts and organic impurities, gathering 
most of the former when passing through, 
and most of the latter when passing over 
the earth. The upper- part of the crust 
of the earth is a great filter, which re- 
moves nearly all the suspended matter 
and also removes, or else transforms, 
most of the organic matter taken up by 
the water as it passes over the earth's 
surface, provided the journey is long 
enough. Underground supplies, there- 
fore, unless taken near the surface, 
or subjected to special and immediate 
sources of pollution, are generally 
freer from organic impurities and bac- 
teria of all sorts than are surface supplies, 
while the latter are more liable to con- 
tain only small quantities of mineral 
salts. Deep wells, in some parts of the 
country, yield water so heavily charged 
with mineral matter or with gases as to 
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be beyond all poaaibility of domestic use. 
ETen the water from comparatively shal- 
low wells may he quite hard* But sur- 
face Buppiiea gathered where limestone? 
outcrops largely may also be hard, and 
in the West and Southwest some Burface^ 
supplies take up so mueh alkali from th& 
soil as to be unfit for any purpose, 

Water gathered from cultivated fields 
is liable to contain much organic matter^ 
inert and active, and clay, silt or sand ia 
addition. Water from woods, meadows 
or swamps may contain much vegetable 
organic matter, objectionable in itselfj or 
fnmiBhiDg food to low forms of life that 
give rise to unpleasant tastes and odors* 

Last, but not least, sewage pollution: 
must be mentioned as the most danger- 
ous of all sources of contamination. 
Where considerable quantities of water 
are involved sewage affects surface sup* 
plies far more extensively than under- 
ground, but small supplies from shallow 
public or private wells may be infected 
by one or a few privy yaults or cesspool^ 
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j the great menHces of the water supply c 

country houses and of villages witfaoizi 
public water supplies and sewerage sya- 
terns. 

In matters of water supply, above all 
things else, even the appetu^ances of evil 
I .should be shunned; so the first principle 

(of securing potable water is to avoid all 
isupplies known or liable to bo polluted 
and to choose those above suspicion. 
"Where polluted water cannot be avoided 
<every effort should be made to stop the 
pollution and if this is not sufficient, 
then the water must be purified. 

In case a water- works plant is being 
established, or a new source of supply 
added, the first object should be to select 
water of the highest standard of purity. 
The qualities to be sought are so impor- 
tant that they may bo mentioned again: 
Preedom from disease germs, substances 
that derange the human system, color, 
odor, taste and sediment. The first is 
of the most importance by far. 

The ideal plan would be never to 



choosa a water supply into which sewage^ 
however small the quantity, is discharged, 
and never to allow such discharges into 
any existing Bource* It is difficult to 
carry out this ideal in any case and the 
magnitude of the task iocreases with the 
size of the supply. We are, therefore, 
aometimes forced to consider whether 
some small or remote source of sewage 
pollution may not be tolerated in order 
to render an otherwise satisfactory supply 
aTailablej especially if all others worthy 
of consideration are much more costly- 
If the pollution be small some means of 
prerenting it may often be found ; if it is 

^Kboth remote and small the danger is cor- 
respondingly lessened. But where slxall 
the limit be placed ? Both tadividuala 

^Wmd communities are loath to incur 
trouble or expense beyond a certain 
point in order to avoid remote chances of 
danger or death. Each ca^e has to be, 
and should be, settled on its own merits. 
Regret it though we may, it sometimes 
Ibecomes necessary to take some risks, lest 



I 



f 



80 



the financial burden due to avoiding theti:^ 
be greater than can be borne. There Xi^ 
a limit by law, in some places, and b^ 
local public opinion everywhere, beyouf/ 
which tax rates and bonded debts cannot 
pass. It is less of a burden on one's 
conscience and far safer for all concerned 
to urge that no sewage pollution should 
be tolerated than to name any small per- 
centage of quantity in relation to the 
total amount of water or any distance at 
which the admission of sewage could be 
winked at. 

Fortunately there is always some avenue 
of escape from death-dealing water. 
Either a natural supply may be found, 
pollution prevented by legal measures, 
purification adopted, or, as a last resort, 
a dual supply may be provided, pure 
water in very limited quantities being fur- 
nished for drinking and cooking. 

The pollution of public water supplies 
is prohibited with more or less specific- 
ness by the laws of many, perhaps all, civ- 
ilized states. But laws alone are of little 



account unless backed by force. Tbe re- 
quisite force may be tliat of strong public 
opinion (in fact must be^ primarily) or it 
may be provided by the police power of 

■ the state. Unf ortunatelyj in most of our 
states J public opiuion in these matters is 
not yet strong enough to prevent water 
poUutionj or to secure the passage of the 
legislation essential to that end. How- 
ever strong public opinion may be, there 

H are also some who will never yield to it 
except when compelled by force, and 
when that must be exerted the proceed- 
ings should be laid, down by legislative 
and judicial deliberations^ rather than by 
excited mobs. We need, then, wise laws 

B to protect the purity of our public water 
supplies (in fact of all public waters); 
administrative power to supervise their 
enforcement; and a capable bench to 
Judge offendei-s and mete out punishment 
to them. The questions involved are 
often more than local or even state con- 
cerns; they are sometimes interstate and 
may be international in their scope 
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Thus far in this country we have not gone 
much if any beyond state control of the 
purity of water, and not far in that. The 
general government interferes at times 
with the dumping of garbage and other 
soUd refuse in navigable streams or lakes, 
but this seems to be a safeguard against 
obstructions to navigation, rather than 
to health. The legislatures of Vermont, 
New Hampshire, Massachusetts, Con- 
necticut, New York, New Jersey, Ohio 
and Minnesota have given their State 
Boards of Health more or less adequate 
supervision of the public water supplies 
of the several states named, or have 
taken other notable steps for the protec- 
tion of municipal water supplies. 

It should be a misdemeanor, if not a 
crimej to discharge any polluting sub- 
stance, but more especially sewage or 
human excrement, into any water used 
for public supply. This should apply even 
at points remote from water-works in- 
takes. Further, the only safe way is the 
plan now in force in Massachusetts, New 
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York and OtiOj and partly ia New Jei^ey, 
o£ requiriag all plans for sewerage and 
seiirage disposal systems to be appro ved 
by the State Board of Haaltk or a State 
Sewerage Commission. In Massachusetts 
and Ohio the plan includes water supphes 
as weU, while in New York the State Board 
of health may, on apphcation from the local- 
ities coneeraedj establish rules for the san- 
itary protection of public water supphes. 
Such snper\dsion, to be most effective, 
should bo carried out with the aid of a 
competent staff of engineers, chemists, 
bacteriologists and legal advisei's, varied 
in size to meet the wants of each state** 
The prevention of water pollution is 
a broader question than the preservation 
of water supplies, although the latter is 
the obj ect of greatest importance* Waters 
not used as sources of supply must be 
protected from such gross pollutions as 

* T hi skg^isliitioriKuueml I y applies to iularicl or tion- 
tidod wiitti ra tH 1 1 y The protective stalutCH of New York 
and Peniisylvaiiia have been Ijfoadaned and streimh^ 
eaed of late. Fennsylvania, In JTOJ* passing its first 
teal ly adequate leg^litlati on on the h u W e ct Fdr a review 
of tbestaittit^fLTKl common laiv decisions of the several 
states* fitse E. B. Gooi1i?lK water supply and Irrigation 
paper No. 16S,P.S,GcologlcaJ Survej^ (W&gblagton, im^h 
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will give rise to offensive odors, or do^ 
posits on the beds and banks, and an ^^e 
should always be had to the poBsil>7^ 
future use of a stream or lake as a pnb/iit? 
water supply. The minor aspects of the 
subject do not conflict with the main 
point, but rather safeguard it, for if all 
the waters of a state are under surveil- 
lance there is less chance of overlooking 
minor dangers to public water supplies. 
Strange as it may seem, most of the 
cases of watei pollution that have been 
fought with success in the courts have 
related to nuisances, or damages to ri- 
parian owners, rather than the pollution 
of public water supplies. This is due 
partly to the fact that it is far easier to 
prove injuries or nuisances due to bad 
odors or objectionable deposits than those 
involving the spread of specific diseases 
by means of water taken into the human 
system. When public opinion begins to 
realize more fully the relation between 
impure water and disease, then there 
will be a like awakening on the part 
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of the bench. The courts are gen- 
erally in adyance gf the general public ia 
these matters, but with the present prac- 
tices regarding expert testimony each 
side in a suit can generally marshal m 
many so-called authorities as the others 
The judges feel that one theory is ofEset 
by another, and in the absence of definite 
and specific proof that a typhoid patient 
was brought to his bed and death through 
drinking sewage- polluted water they often 
decide in favor of the alleged poUuterj 
whether the case be brought to recover 
damages for death or sickness, or to en- 
join the discharge of sewage by one mu- 
nicipality above the water-works intakes 
of another* Where the offender has been 
a private person or corporation relief from 
pollution seems to have been granted 
more readily. Cities may hesitate to 
prosecute each other, and too often one 
community sitffering from sewage pollu- 
tion is inflicting like injuriesi in greater 
or leas degree, upon those further down 
stream. There may be a slight ex* 
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cnse in some of these cases of failure k 
proceed against another community, hut 
what shall be said of those cities and vil- 
lages which pollute their own water sup- 
plies, literally consuming their, own 
sewage ? That there are such, and not 
a few, cannot be contradicted, as physical 
examinations of sewer outlets placed 
above and sometimes near w^ter intakes 
too often show, as well as the typhoid 
death rates of these shameless and sui- 
cidal communities. 

Before passing to a consideration of 
artificial means of removing dangerous 
and objectionable qualities from water 
supplies not too badly polluted a few 
lines are demanded regarding the relation 
between water waste and impure water. 

Many a city and town is suffering the 
ravages of the typhoid scourge, or other 
ills, because it allows itself to be imposed 
upon by the two-fold plea of the prohib- 
itive expense of a purification plant and 
the menaces to health* and infractions of 
liberty which would result from a cur- 
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tailment of the coELEumption, or rather 
waste. It was stated near the outset that 
an average daily supply of 100 gallons 
per capita is commonly allowed in esti- 
mating the quantity of water required by 
a city. This is generally far more than 
can be legitimately ueed^ but is exceeded 
by 100 to 200 per cent, in a number of 
American cities suffering from impure 
supplies. Same waste must be expected^ 
but such amounts as these figures indi- 
cate are crLminal, especially when the 
water ia dangerous. By cutting down 
the consumption and waste to legitimate 
figure enough money might be saved in 
many suffering cities to pay the whole 
cost of purification works in a few yearsj 
and to meet the operating expenses ae 
welh Where the water is supplied and 
paid for by meter measnrenient not only 
is the waste greatly cut down, but those 
who either waste or use large quantities 
of water pay for it, everyone contributing 
his proportionate share toward the ex- 
pense of the supply. If no meters are 



used and so-called flat or schedole r^t^ct 
prevail, the careless consumer pays Ex- 
actly the same as the careful one, thou^it 
using from two to twenty times the 
amount of water. This is not only gross 
injustice, but it often robs the water de- 
partment of so much proper income as 
to greatly hamper its operations. 

If it is imprudent and unjust to let an 
ordinary supply run to waste without 
hindrance or compensation, what shall 
be said when the water has been purified 
at great expense? Even if the present 
supply of water be ample and pore the 
conditions of the future may change the 
situation completely, owing to the en- 
croachment of population on drainage 
areas, the increase of urban population 
and the even more rapid increase ixx per 
capita water consumption. It is there- 
fore the duty of every community not 
only to do all it can to conserve the purity 
of its water supply, but to conserve the 
volume of supply as well, against the al- 
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most inevitable day when it will become' 
insnificient or need purification. 

It is evident that if all population 
were excluded from drainage areas thera 
could be no sewage pollution, Tbe at- 
tainment of tbis ideal condition is possi- 
ble only when the muuieipality or private 
company owns or controls the whole 
drainage areaj although there are numer- 
ous gathering grounds having and likely 
to continue to have only sparse popula- 
tions. A number of English cities own all 
or large portions of the drainage areas 
from which their surface water supplies 
are ^fathered* Birmingham, Liverpool 
and Manchester being notable examples. 
In this country such ownership to any 
marked extent is rare, but it has been 
adopted by several cities and one or 
more private companies of late. In form- 
er years the practice was qxxite unneces- 
sary here, owing to the scanty populationE 
I in the areas from which water supplies 
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-were drawn, but it is becoming more arxcf 
more urgent, as the rural districts are fiUe J 
with the villages and the country homes 
of city workers. New York City has spent 
some millions in buyinglandand buildings 
bordering on its reservoirs and their feed- 
ers. Boston and some of the municipali- 
ties in that section have done and are do- 
ing the same thing, on a smaller and per- 
haps wiser plan. Besides this, Boston has 
contributed large proportions of the cost 
of sewage purification plants for several 
towns and cities, in order to remove the 
sewage from its drainage areas. Roches- 
ter, N. Y., for many years, maintained a 
pail system for the removal of excreta from 
cottages on the shores of Hemlock Lake. 
In 1895 the city secured legislative author- 
ity to acquire title to a strip of land 200 ft. 
wide, around the lake in order to make the 
protection more sure. Up to Dec. 1, 1905, 
the city had acquired 14.62 miles of lake 
frontage out of a total of 15.93 miles. All 
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cottagies and hotels on the land acquired 
had been removed on the date named, lear- 
ing only a half a dozen cottages on the 
shore, A number of American cities have 
begun extensive tree plantitig on land 
bought to protect their water supplies. In- 
cluded in these are Boston, or more correct- 
ly the Metropolitan Water & Sewerage 
Board, which is responsible for the devel- 
opment of a water supply for Boston and 
some twenty other cities and towns. — 
Woonsocketj R. I., Hartford and Middle- 
town, Conn. The private water company 
supply ing New Haven^Conn, , has also done 
some planting. (See '^Forestry on Water- 
Works Drainage Areas*'' Engineering 
News, January 15^ 1903), 

Where no land has been secured for 
the purpose under discussion, and often 
where it haSj much good mskj be accom- 
plished by maintaining a sanitary patrol 
of the drainage area, warning offenders 
and prosecuting them when necessary* 
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It was once considered better sanitax:-- 
engineering to secure, even at greats' 
cost, a water supply above suspicion ihsti 
to attempt purification. This is still a 
wise policy, within certain limits, but 
often it is impracticable. Moreover, there 
is a growing belief that before many 
years public sentiment and State legisla- 
tion will demand that all surface water 
supplies must be purified in this country, 
as they must in Germany. Even a small 
amount of pollution may cause an epi- 
demic of typhoid fever, but if the water 
is purified just before being delivered to 
consumers, almost perfect safety is se- 
cured. Moreover, when this plan is pur- 
sued less remote sources become available 
or the continued use of old ones is feas- 
ible. The saving thus efiFected in pipe 
lines and other extensive construction will 
often go far towards the cost of the 
purification works. It must be understood 
that no general rule can belaid down here, 
each requiring a solution in accordance 
with local conditions. 
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It is also true that the particular system 
of purification to be adopted will depend 
largely on local conditions. Chief among 
these are : The character of the water to 
be treated; the cost of land required for fil- 
ter sites and the nearness or remoteness of 
suitable filtering material; the cost of 
labor; whether extra pumping is neces- 
sary for one system and not for another; 
and the cost of coal and of chemicals, in 
case the latter be required. 

Where the problem to be solved is the 
removal of bacteria and organic matter 
due to sewage pollution the nearly univer- 
sal practice is to filter the water. This 
may be done by means of large artificial 
beds of sand, 3 to 5 feet deep, at the rate 
of 2,000,000 to 3,000,000 gallons an acre 
daily, or by passing the water through 
tanks containing sand or other filtering 
material, at daily rates of 90,000,000 to 
125,000,000 gallons an acre. 
t The.first system i& known as natural or 
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slow sand filtration, andthesecond asrapi.^ 
or mechanical filtration. Some writd:i^ 
also use the terms English and American, 
respectively, but these convey nothing in 
themselves, except historically, and are 
somewhat misleading in that respect. 
They have the further disadvantage of 
lending themselves to sentiment, preju- 
dice and commercialism, instead of a scien- 
tific nomenclature. In this volimae slow 
sand filtration and mechanical filtration, 
or treatment, will be employed to desig- 
nate the two systems. Mechanical treat- 
ment is in some respects the preferable 
term, since the process may involve coag- 
ulation and sedimentation, as well as filtra- 
tion. Mechanical is especially appropriate 
in any case, since in this system mechan- 
ical means are used to wash the filtering 
material. In fact the whole process is 
mechanical, as compared with the natural 
processes utilized in slow sand filtration. 
For many years after the extensive use 
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of slaw sand filtration in England and on 
tlie continentj and its more limited adop- 
tion here, the character and scope of the 
process was unknown. This was due to 
the idea that a mass of sand, perfectly 
inert in itself, conld effect no chemical 
changes* in the contents of water, and the 
consequent behef that the only action of 
a filter bed was that of a strainer. The 
contrary conld not be known in the early 
days of filter beds, because of the inade- 
quacy of the old methods of chemical 
analysis and the fact that the bacterial 
examination of water had not been 
dreamod of then. The development of 
modem methods for the determination 
of the oganic contents of water, together 
with Koch's wonderful discoveries in the 
bacterial field, changed the whole con- 
ception of filtration. The organic chem- 

" Commpiiritively Uttle attain tion, la these later da^v, 
fs iriven to the chemical chan§^^ In the Cfgantc oon* 
tenta of water, these genemUy JielDg ^joo small to he of 
fknj motnent In themfielvea. In sewage purifl cation, 
however, great athjss i& laid upon the redin-iion of or- 
ganic matter by means of hacterial act<lon. 
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ical determinations showed that matters 
in. solution were reduced and sometimes 
nearly disappeared in the passage of water 
through the filter beds. This, obyiously, 
could not be due to mere straining and 
was finally credited to oxidation. The 
assumption was correct, but the method 
by which the oxidation was effected was 
still misunderstood. With the general 
acceptance of the germ theory of dis- 
ease and the ascertainment of the dimen- 
sions and other characteristics of bacteria 
the light began to dawn, but some stum- 
bling blocks remained. It was now known 
that the deleterious effects of impure 
water were seldom caused by any specific 
chemical or chemical compound, but by 
germs with as fixed laws of development 
as the higher plants in the vegetable 
kingdom, to which bacteria belong. But 
these germs were only minute fractions, 
in size, of the voids between the grains 
of filter beds, so how could they be 
strained out by filtration ? Until bacte- 
riology was sufficiently developed to make 



the coTint of bacteria an e^sy task it was 
strennoualy maintained by many tliat 
wMle filtration would effect an almost 
perfect chemical ptirifieationj through 
the remoYa! of organic matter, it offered 
little or no restraint to the passage of 
bacteria. As soon as this development 
was attained and applied to samples of 
water before and after filtration it was 
conciusiYely shown that somehow the 
bacteria disappeared. 

About this time bacteriology was added 
to chemistry in agricultural research and 
it was found that manures and other 
organic matters are broken down and 
transformed into plant food through the 
agency of bacteria. It being learned 
that the process was one of changing 
unstable nitrogenous compounds into 
stable nitrates the baotoria in question 
were named nitrifying organisms. The 
discoveries of the agricultural bacterio- 
logists were seized upon by the water 
^bacteriologists to explain the manner in 
which oxidation is effected. It was seen 
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tint nitrifying organiimSj in vast myriads, 
developed in the filter beds, S6i2ed upon 
the organic matter and aided in trans- 
fonning it into nitrates. 

There remained to he fonnd an expla- 
nation of the disapp^rance of the bac- 
teria themselveaj only a amall percentage 
of the original nmnbers of which appear 
in the filtrate, nnder proper conditions* 
We now know that after a filter has b^en 
in use for a certain time a thin layer of 
sticky matter forms over its surface and 
thin films of the same subatanee cover 
each minute particle of filtering materialj 
especially in the upper layers. It is these 
layers and films that retain the bacteria. 
Here the organisms in thewater, harmful 
or harmless, are retained, and here moat 
of them peridi, only a few inches from 
the surface. Those that penetrate deeper 
are liable to be caught in much the same 
manner^ and in addition they suffer 
through lack of f oodj the organic matter 
on which they depend for sustenance 
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ing been changed to other forms, or held 
on aod in the saud above. 

With all these facts known slow sand 
filtration takes on a now and hrighter 
aspect What once was considered a 
mere straining process is now seen to be 
due to chemical and bacterial agencies as 
welL In fact, while there were still nn- 
merona doubters of the germ theory of 
disease the leaders in bacteriology were 
fast proving that the very disease germs 
themselves were the indirect prey of other 
and harmless bacteria, or at least were 
not able to hold their own against 
the latter. Environment is a great 
force here. The disease germs are 
truly in strange and unknown waters 
when they reach the sewerSj or 
a stream or body of water. Their 
natnral habitat is the human body 
and there is a rapidly growing amount o£ 
evidence to show that they do not flour- 
ish and multiply outside it, ^though 
they may live for some time, 

The devlopment of mechanical filtr*- 
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tion is also an interesting story; It b^ 
gan in the early days when slow SMid 
filtration was believed to be only a strain- 
ing process. It was fostered by the mud- 
diness of many southern and western 
waters and by a demand for the removal 
of color and vegetable matter. To re- 
move mud, or finely divided clay and 
silt in suspension, large settling basins 
had been provided. These were often 
insufficient in size, beside which, no prac- 
ticable amount of settling would fully 
clarify the water. Filter beds might 
clear it for awhile, but muddy water 
clogged them quickly and frequent scrap- 
ings were very expensive. Chemicals 
were used to assist or hasten clarification 
in the settling basins, but the removal of 
the mud thus thrown down was also a 
costly matter. Finally, the use of chem- 
icals was combined with filtration and 
sedimentation, was abandoned for the 
time. The process then became about 
as follows (sulphate of alumina being 
taken as the representative chemical, as 
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it is practicdl.7 the otJj^ one in use for 
this purpose now.) On adding the sul- 
phate of alumina, or alum, to the water 
that chemical changes to hydrate of 
alumina, which has the appearance of 
large, light flakes. These passing down- 
wards or onwards through the water en- 
tangle the suspended matters. The com- 
bination is partly removed by sedimenta^ 
tion, and what remains is caught by the lil- 
tering material. The rate of filtration is 
so rap:d and the precipitate so heavy that 
in a short time the filtering material be- 
comes clogged. It is not only the upper 
layers, as in slow sand filtration, that are 
fouled. The great pressure and rapid rate 
carry the impurities well into the sand or 
other filtering material, so the whole mass 
needs cleansing. By placing the sand on a 
false bottom and having a system of pip- 
ing arranged for reversing the direction 
of the water through the material, the im- 
purities may be washed out, going through 
a waste pipe to the sewer or other place 
of deposit, As the sand is likely to be- 
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<k)me packed by the head of water it is 
common to provide a revolving rake, 
turned by steam or other available power, 
to loosen the filtering material and to aid 
in scouring it and in rinsing off the ac- 
cumulated foul matter. Sometimes the 
rake runs only at the beginning of the 
wash and again it is kept in constant 
motion, depending somewhat upon the 
ideas of the inventor or proprietor of the 
filter and largely upon those of the opera- 
tor ; or instead of a rake, compressed air ad- 
mitted from below is used to agitate the 
sand, this being the more recent practice. 
As stated, this system of water purifi- 
cation came to the front when it was still 
the fashion to call filter beds mere strain- 
ers. It was easy to demonstrate physi- 
cally that the new method would remove 
sediment and color more readily than slow 
sand filtration. Some knowledge of the de- 
sirability of removing bacteria now com- 
ing to the front, it was also easy to claim 
that these were removed in great numbers 
by the close-gi*ained layer of hydrate of 
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^alumina and mud whicii forms on the sand 
in the filter tanks, and quite as easy to pro- 
claim that BO such feat could be accom- 
plished hj the filter beds. A lack of 
knowledge of the capabilities of ordinary 
filter beds and a lack of inter^tst in them as 
well, since for a time the sanitarians 
scarcely spoke a good word for them in 
America, made it a light task for the 
agents of mechanical filter companies to 
introdncfr their wares and to cry down 
slow sand filtration whenever any one had 
the hardihood to mention or uphold it If 
the new process had not had its merits it 
would not have been adopted by 50 to 100 
cities before slow saod filtration began to 
come to its own id this country. But the 
mechanical filters did some remarkably 
good work and could be installed with 
great comparative quickness and at no 
very great exp ens e . Besi d es th es e desir- 
able qualities, many of the earlier mechan- 
ical filters were of the pressure type; that 
is, were closed tanks^ receiving the water 
direct from the pumping mains and pass- 
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ingit along to the distributing systemyaft^r 
treatment, without repumping. One of 
the greatest drawbacks to mechanical 
filtration has always been the fact thatany 
determined opposition to the process was 
generally sure of a common rallying point 
of the prejudiced, if only a cry was made 
against the injurious effects of alum on 
the human system, or if it was merely 
urged with persistence that the water was 
drugged with harmful chemicals. Fair op- 
ponents, unless laboring under misappre- 
hension, have not made much use of such 
claims, since observations show that when- 
ever the water in question contains suffi- 
cient carbonates and bicarbonates of lime 
or magnesia for the alum to combine with, 
the filtrate can contain none of the latter, 
unless through over-doses of alum by 
careless attendants. 

The alum bogie was never so serious 
a drawback as the legal contentions be- 
tween rival filter companies over the al- 
leged infringement of patents. In the 
eighties, when mechanical filtration was 
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ling developed and introduced, the pro* 
, of the art was greatly retarded by 
patent Htigation. This mattered less then , 
fdr slow sand filtration was still with little 
or no intelligent support in this country. 
The contentions wereclosed by uniting the 
confli cting interests i n one comp any . U n - 
fortunately for naechanieal filtration, the 
strife broke out afreshj between the con- 
solidated company and independent ones, 
just when unily was most needed. InEng- 
landj Germany and Massachusetts the re- 
snlts of important researches regarding 
tbo methods and efficiencies of slow sand 
filtration became widely known in the 
last decade of the nineteenth century. 
In 1893, an epoch in slow sand filtration 
in America was marked by the completion 
of the city plant at Lawrence, Mass. This 
was followed by others, and by the pnb- 

_lication of a vast mass of detailed inform- 
tion regarding the exact work acoom- 

"plished, both practically and experiment- 
ally, at many different points. While patent 
litigation over mechanical filtration was in 
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progress, and mnnicipalities were aw^l^ 
ing the results, slow sand filtration caxx?^ 
so prominently to the front, with su cb 
definite and well-authenticated remits, 
that a number of cities which shortly be- 
fore would have contracted for mechan- 
ical filters, had not the litigation oc- 
curred, now either adopted slow sand fil- 
tration or concluded to await further 
developments in both fields. 

At this point it became evident that 
mechanical filtration was gravely handi- 
capped through lack of disinterested 
scientific data. The only information 
regarding its possibilities was put for- 
ward by those having filters or filter 
rights to sell, and this information was 
for the most part very meager. Espe- 
cially was this true regarding the bacte- 
rial efficiency of mechanical filters. The 
devices had been put on the market to 
clarify water, rather than to render it 
innocuous. 

The demand for more definite informa- 
tion led to the mechanical filter tests at 
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Providence, in 1803, by Mr. Edmund B, 
Weston J in which for the first time &om© 
extended and reliable data were obtained. 
But these inyestigations were on a small 
scale and were in some other respects nn- 
satisfactory^ They have since been fol* 
lowed by ehiborate studies of unit plants 
on a regular working basis, with able 
forces of engineers, chemists and bacte* 
riologista in charge. In 1898 and 189^ 
large Yolumes were published giving the 
results of such tests at Louisville, Ky,, 
Pittsburg, Pa,, and Cincinnati, 0., re- 
spectively. The Louisville and Cincin- 
nati teste were conducted with Mr, George 
IV, Fuller as Chemist and Bacteriologist- 
in-oharge. Mr, Allen Hazen was Chief 
Engineer of the Pittsburg tests. In the 
Louisville tests, mechanical and electrical 
treataient were considered. In the Pitts'^ 
burg and Cincinnati investigations both 
mechanical and slow sand filtration werf 
studied exhaustively, together with some 
other processes or modified processes^ 
rhich need not be discussed here. In all 



58 

three cities the two-fold problem was pre- 
sented of removing laxge amounts of fine- 
ly divided suspended matter and bacteria 
in high numbers. The conditions were 
far different from those at either the Ex- 
periment Station of the Massachusetts 
State Board of Health, at Lawrence, or at 
the filter plant connected with the water- 
works of the same city. In both these 
<5ases the problem is chiefly the removal 
of bacteria from sewage polluted water, 
the suspended matters in the Merrimac 
River only reaching at intervals of per- 
haps two or three years figures frequently 
attained at Pittsburgh and more especial- 
ly at Cincinnati and Louisville. 

Since 1898, important investigations of 
water purification have been made at 
Washington and New Orleans, reports on 
«ach having been published in 1900 and 
1903, respectively. 

The outcome of all these investigations 
and of the general development of both 
processes in recent years is the knowledge 
that either slow sand or mechanical filtra- 



tion may be employed ^th perfect safety 
for the bacterial purification of water, and 
that either of thein, combined with scdi- 
mentation, will effect a satisfactory ckri- 
iication* With vei^ large amounts of fine- 
ly divided suspended matter it may be 
more economical to employ mechanical 
than slow sand filtration. It should be 
said fnrtber that there is reason to believe 
the two systems so nicely balanced in 
efficiency, and perhaps cost, as to render 
it impossible to tell without investigation 
and careful estimates which is best suited 
to each local case. Where land and labor 
are dear and filter beds need to becovered 
to prevent freezing, there is much to be 
said in favor of mechanical filtration. 
Where the water contains largo amounts 
of minute particles of clayey matter in 
suspension sedimentation is generally a 
necessity, what ever else may be done, and 
coagulation may be required also. If the 
filtering material is to require very fre- 
quent cleansings, as with very muddy, 
bIow settling waters, the advantages of 
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some mechanical process for doing the 
work are apparent. 

Another and a great advantage of me- 
chanical filtration is its power of remov- 
ing color from the water. 

As to the relative costs of the two pro- 
cesses there has been much contention in 
the past, and there is little to be gained in 
discussing the matter^ except as applied 
to specific cases. It must be remembered 
that with mechanical filtration the saving 
in capital charges due to lower first cost 
and the saving in labor is largely oflEset by 
the charges for chemicals. The Louis- 
ville and other city reports are veritable 
mines of information on these two sys- 
tems of treating water, as are the reports 
of the Massachusetts State Board of 
Health, beginning with 1890, on slow 
sand filtration. 

Sedimentation alone will do much 
towards clarifying some waters, especially 
those containing rather bulky particles, 
or matter of high specific gravity. For 
this purpose settling reservoirs or basins. 



not differing materially from ordinary 
reservoirs, except in having less depth ^ 
are employed. These must be in dupli- 
cate or some other multiple of a single 
day^s supplyj so the water of one may be 
settling while that in another, previously 
filled J is being drawn upon. 

Where iron must be removed, as is the 
case with some ground waters, a combioa* 
tion of aeration and filtration has proven 
successful in numerous instances. Both 
mechanical and slow sand filtration hav^ 
been employed for this purpose, lime, as 
well as sulphate of aluminaj sometimes 
being used in mechanical filters. 

Bad tastes and odors may be guarded 
against by the removal or prevention of 
conditions favorable to the development 
of lower forms of organic hfe, to whicli 
tastes and odors are largely due. Princi- 
pal among these are the stripping of 
reservoir sites of organic matter which 
might serve as food for the lower organ* 
isms^ and the covering of reservoirs to 
exclude light, or light and air, without 
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sulphate, :Kn3 are awaiting the results of 
detailed istudies to determine what be- 
comes of the agent and also its probable 
efEeet upon human beings who drink 
treated water. The chief investigations 
along these lines are being made by the 
Massachusetts State Board of Health, 
which began its studies of copper sul- 
ipbate in 1903, but up to the beginning of 
1906 had not published its final conclu- 
sions. 

Detailed accounts of (1) the laboratory- 
investigations and the early field tests of 
^copper sulphates as an algicide, and (2) 
reports on the extended practical use of 
the agent in 1904, may be found in Bulle- 
tins 64 and 76, Bureau of Plant Industry, 
U. S. Department of Agriculture (Wash- 
ington, D. C, May 7, 1904, and April 3, 
1905, respectively). These bulletins were 
prepared by Messrs. Geo. T. Moore and 
Karl P. Kellerman, of the department 
named, to whom, and particularly to Dr. 
Moore, credit is due for the introduction 
of the method into practical use. A val- 
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liable symposium on coj^per sulphate as 
an algicidej and as a possible protection 
against typhoid fever germs in public 
water supplies^ and on the probable ef- 
fects of copper salts on man, was pub- 
lished in the Journal of the New England 
Water-works Association for December, 
1905 (Tremont Temple, Boston, Mass). 
A great variety of opinionj some quite 
contradictory^ was brought out in this 
discussion. There seemed to be general 
but not unanimous agreement that copper 
sulphate may be safely and profitably 
used as an algicide, but that as a germ- 
icide it should be used with the utmost 
caution, if at aU, and then chiefly as an 
emergency measure, rather than as a sub- 
stitute for filtration or as obviating the 
necessity of a new water supply. A 
number of articles describing the apphca- 
cation of copper sulphate to water sup- 
plies in different parts of the country 
have been published in the technical 
Journals, A tabulation of the main facts 
relating to nearly thirty of these applica- 
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tions is appended to the symposium al- 
ready mentioned. 

. Hardness may be reduced by some 
chemical process which will remove or 
transform the carbonates and sulphates 
which cause it. Lime or some other 
chemical, depending on the nature of the 
hardness, is used as a precipitant. This 
is followed by sedimentation, and general- 
ly by filtration as well. Municipal water 
softening plants have been in use many 
years abroad, but their introduction this 
side of the Atlantic is of recent date, and 
up to 1905 the chief if not the only city 
plants in use are those at Winnipeg, Man- 
itoba, and Oberlin, Ohio. 



HOW TO DETECT IMPUKITIES. 



Alter what has preceded it is more 
evident tlian before that some quick and 
reliable method of testing the qualitiea 
of both natural and treated waters is ee- 
BentiaL Without it, sources of public 
water supplies could not be chosen with 
intelligencej nor their quality properly 
conserved/ while it would be useless to 
attempt to purify water if there were no 
reliable means of comparing the product 
with the original. For convenience^ 
natural waters will be considered first, 
Eememberi ng the qualities which consti- 
tute potable water it is readily apparent 
that the analytical tests to be applied fall 
under these heads: Chemical and phys- 
ical; bacterial; microacopicaL To these 
may be added vigual inspection of drain- 
age areas and all foreign matter reaching 
the water, in order to detect pollution; 
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and an examination of the typhoid statis- 
tics of the community using the water in 
question, which serve as a wonderfully 
good index to sewage pollution. The 
mortality from diarrhoeal diseases may 
be studied with possible profit. No at- 
tempt will be made to present the tech- 
nique of water examination, nor to go 
deeply into the interpretation of analyses. 
There are several recent and most excel- 
lent books that do this at length. Instead, 
the general scope of water analyses will 
be outlined, with a few of the most sa- 
lient features of interpretation. Then 
some examples will be given to illustrate 
how fully and beautifully typhoid fever 
statistics indicate the relative merits of 
the water supplies of different cities and 
variations in the character of the supply 
of a single city. 

The chief physical characteristics of 
water are temperature, turbidity, color, 
odor and taste. The methods employed 
to determine these being for the most 
part quite obvious only turbidity and 



color determinations will be outlined here. 
One of the most recent methods of se- 
curitig uniform and comparable records 
of turbidity is to note at what depth be- 
low the surface of the water under exam- 
ination some bright metal can be distin- 
guished, A platinum wire attached to a 
stick or rod graduat-ed to incheSj is often 
employed. The reciprocal of the depth 
of submergence is recorded, instead of 
the actual depth, for conTonience in com- 
parison. Thus, if the wire can be seen 
25 inches beneath the surface the tur- 
bidity is 0.04; if only 1 inchj it is 1* 

Obiriously the scale may be graduated 
so as to read reciprocals as well as or in- 
stead of actual depths, thus saying caleu- 
lations. 

A refinement on this method of deter- 
mining turbidity involves a standard of 
comparison consisting of the degree of 
turbidity corresponding to the introduc- 
tion into an absolutely clear water of a 
known quantity of siUea of a certain size 
of grain. By dilution, or else by Tarying 
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the quantity of silica, as wide a range of 
turbidities as may be necessary can be 
secured. Such a standard or standards 
having been provided, natural waters in 
long tubes may be matched against the 
standards, each in its own rated tube, and 
records of turbidity made. It is also 
possible to refer platinum wire readings 
to the silica standard, by properly grad- 
uating the wire scale. Or, as a still fur- 
ther refinement, a candle or an electric 
turbidimeter, similar to the gas photome- 
ter in general principle, may be substitu- 
ted for the platinum wire method, still re- 
taining the siUca standard. 

The color is determined by placing the 
water in an opaque tube, with glass at 
each end, and comparing it with similar 
tubes of standard solutions, graded by the 
decimal system. When a solution is 
found which matches the natural water 
its number is recorded. 

In place of the standard solutions, col- 
ored disks properly rated may be used. 

Further information on the determina- 
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tion of both turbidity and color, with ref- 
erences to some of the literature of the 
subject, mny be found in Water Supply 
and Irrigation Paper No, 151 , "Field As- 
say of Water/- by Marshall 0, Leighton, 
published by the U, S, Geological Sur- 
vey (Washington, D. C, 1905). The 
pamphlet also contains descriptions of 
field tests for iron, chlorides, hardness, 
carbonates^ sulphates and calcium. For 
iron the color die^ks are used to measure 
the iron color, or more properly redness, 
produced by adding known quantities of 
chemical reagent to the water. For sul- 
phates the turbidimeter is used. For the 
other named constituents various chemi- 
cal tablets of rated strength are employed. 
The pamphlet describes a field outfit, read- 
ily carried by hand or on horseback, for 
making all the determinations named. 
For the most part the field assay of water 
by means of tablets was in an experimental 
stage in 1905, but gave promise of good 
results wherever a large number of com- 
parative results are more important than 
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a high degree of accuracy, as is very 
often the case. 

At this point emphasis may well be laid 
on the fact that practically the whole 
range of sanitary water analysis is a search 
for indexes of purity or impurity, rather 
than an attempt to find specific contam- 
inating matter. Of course color, turbid- 
ity, taste and odor can be recognized 
directly by three of the senses, but these 
qualities in themselves are not necessarily 
harmful. The chemical determinations 
of organic contents of water are designed 
to aid in tracing the history of the sam- 
pie, whether the organic matter is of veg- 
etable or animal origin, and if from sew- 
age, the nearness or remoteness, in point 
of time, of its addition to the water. 
Likewise the bacterial examinatioiis do 
not reveal, unfortunately, the true char- 
acter of the germs, but simply aid in 
pronouncing upon the probable origin of 
the organic matter, as will be set forth at 
more length later on. The microscopic 
examinations are generally sufficiently 



definite in the identification of the larger 
organisms, and sine© the advent of th& 
copper sulphate treatment o£ water for 
the prevention of algal growths, the 
microacope is of far more direct practical 
use to the water analyst than ever 
before. 

The ebemioal analyses of water are 
generally confined to determinations of 
organio matter, or substances associated 
with it, and hence indicating its presence. 
The common procedure is to test for 
albuminoid and free ammonia, nitrites 
and nitrates, as being themselves organic 
in origin j for oxygen consumed as in- 
dicating the extent to which the free 
oxygen of the water has been taken up by 
the organic matter in the water ; and for 
chlorine, as an almost sure index of sew* 
age pollntion, when found in quantities 
above the normal. 

The ammonias and nitrogen com- 
pounds not only tell the amount of or- 
ganic matter present, but their relative 
amouotsj combined with the oxygen con- 
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sumed and chlorine, are a guide to the 
character of the organic matter and the 
nearness or remoteness of the pollution 
in point of time. This will be the more 
readily understood on remembering what 
has been said regarding the changes in 
the form of organic matter wrought by 
the nitrifying organisms in ordinary filter 
beds. Whatever the origin of the or- 
ganic matter, the bacteria break it down 
so the carbon is separated from the 
nitrogenous matter, and the latter is 
successfully transformed from albumi- 
noid to free ammonia, nitrites and ni- 
trates. Hence, if the nitrogen present 
was mostly in the form of albuminoid 
ammonia, and the oxygen consumed was 
low, it would appear that the pollution 
was recent ; otherwise the available oxy- 
gen would be low (or the required oxy- 
gen high) and the nitrogen in 'more ad- 
vanced stages. High free ammonia or 
high nitrates simply mean that the nitri- 
fying process has gone further, but is not 
yet complete, hence there is danger that 
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many disease germs may still be^ present 
and able to work mlBchief. If the ni- 
trates are higli, and the ammonias and 
nitrites Jow, then nature has done its 
work and no more chemical changes need 
be expected, except those due to the tak- 
ing up of the nitrates for the support of 
organic life. 

The cbloriiie found in water comes 
from two general sources : (1) It is con- 
densed fpom ocean or other watery 
vapors J or (2) it has its origin in the 
common salt universally used by civilized 
peoples to season their food. Obviously, 
then, if we know the amount of chlorine 
normally present in the natural waters of 
a locality any excess may be attributed to 
sewage pollution, unless some other and 
special or unusual explanation is found. 
The chlorine once admitted to water re- 
mains there in solution, practically un- 
changed in any way, except by dilution 
or concentration of the water itself. If, 
therefore, a water is high in organic 
matter, and normal in chlorine, the pel" 
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lution may be attributed to vegetable 
origin; if both the organic matter and 
chlorine be high the water has probably 
been polluted by sewage. 

The normal chlorines for New England 
and for New York State, as determined 
by State Boards of Health and others, 
have been compiled by Daniel D. Jaok- 
45on and published as Water Supply and 
Irrigation Paper No. 144, U. S. Geolog- 
ical Survey (Washington, D. C, 1905). 
The results are presented in both tabu- 
lar and map form : the tables showing 
the amounts of chlorine, in parts per 
million, found in the normal or unpolluted 
Vater of numerous localities, and the 
maps showing isochloral lines, or lines 
formed by connecting all the points hav- 
ing the same normal chlorine. These 
Hues are, in general, parallel with the 
coast line and show chlorine ranging 
from 6.0 parts per 1,000,000 on the coast 
to 1.0 near Concord, N. H., Springfield, 
Mass., and Newburgh, N. Y., and to only 
0.3 diagonally across Northern Maine 
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and across New York State, approxi- 
mately from Plattsburgh to Geneva and 
onwards^ and 0.2 at Buffalo, N. Y, 

111 making analyses for the mineral 
contents of water the results are positive 
and definite instead of being mere in- 
dexes. Few snrface waters have objec- 
tionable quantities of mineral matter, 
except where there are extensive out- 
crop pings of limestone, or the soil is 
highly alkaline. Most of the ground 
waters rejected on account of mineral 
contents, except those distinctly classed 
as mineral, are high in carbonates and 
sulphates (hard) or in iron. Sometimes 
Soft or peaty waters take up lead from 
ser\4ce pipes of that materiah What- 
ever the material sought may be the 
chemist determines it in the most direct 
manner, compares it with a fixed stand- 
ard and approves or condemns the water 
accordingly. 

Bacteria live upon organic matter and 
wherever the latter is present in large 
quantities the fonner are to be found. 
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All organic matter undergoing rapid 
transformation is sure to be teeming with 
bacteria. This is especially true of or- 
ganic human wastes. Hence, water in 
which bacteria are abundant is generally 
looked upon with suspicion, particularly 
if included among them are intestinal 
bacteria, such as the B coli communis, 
which abounds in domestic sewage. 
As for learning whether specific disease 
germs are present or absent in a given 
water supply the attempt can lead to no 
results but delusion, until bacteriologists 
get far beyond their present knowledge. 
The reasons for these statements are as 
follows : The isolation and identification 
of the typhoid germ from among 
many species, which is the problem in 
the case of water, is a long and tedious 
task at best, even if it can be dope with 
anything like absolute certainty. It 
therefore follows that negative results 
are no assurance that the typhoid germ 
is not actually in the water, so the dec- 
laration, "no typhoid bacilli were 



found,'^ may lead to trustmg in thB 
safety of a most dangerous water 
supply. Morever, even if the typhoid 
germs could be found it would not be 
until days or weeks after this parti en lar 
bacillus, or its predecessor, was deposited 
in the water, and consequently disease 
might have been spread broadcast mean- 
while. Of course, i-epeated isolations of 
the germ, even weeks after the pollution 
oceurredj would be the most convincing 
evidence that the water was wholly un- 
safe. The chief danger from a miscon- 
ception of the function of bacterial water 
analysis lies in the fact that the bacteri- 
ologist is often consulted when an epi- 
demic is at its height, and if he says he 
finds no typhoid bacilli in the suspected 
water, as it appears from the best men in 
the profession that he must (provided 
he is honest and not deluded himself), 
then a bad source of supply may be con- 
tinued in use. When a typhoid epi- 
demic is at its height, the infection must 
have arisen two or three weeks earlier^ 
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giving ample opportunity for the real 
cause of the trouble to disappear from 
the water. 

We come back, then, to our starting 
point: The presence of large numbers 
of bacteria indicates the presence, also, 
of large quantities of organic matter. If 
this is of human origin it is most dan- 
gerous. Danger being indicated and 
appreciated, steps may be initiated that 
will determine the facts in the case. If 
the chemical analyses show much organic 
matter in the water, in a state of de- 
composition, with high chlorine, and if 
many bacteria are present, it is time that 
something were done to remove the con- 
ditions, unless a satisfactory explanation 
can be found, which is quite unlikely. 
If the water in question is actually being 
consumed a study of the typhoid statistics 
of the community in question may prove 
instructive, while in any case the drain- 
age area should be rigidly inspected to 
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see if the water is receiTing human excre- 
merit from isolated houses, villages or 
cities. These last two points are dis- 
cussed further on. 

The microscopic examination of wat-er, 
from a thoroughly practical standpointj 
isjnstontofitsinfancy. The microscope 
may give some indication of the origin 
of inert organic matter suspended in 
water. It will unquestionably enable the 
trained water naturalist to name the dif- 
ferent iDicro-orgaiiisms in the water. 
The effect of a few species of these, oc- 
curring in largo quantities, the micro sco- 
pist can predict with certainty^ and he 
may know, for a given source of supply, 
what organism is most likely to appear at 
varjung seasons of the year and under 
different conditions of the water. When 
micro-organisms appear in large numbers, 
giving offence to sight, smell or taste, the 
species may be determined by a micro- 
scopical examination, after which copper 
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sulphate in amount proportioned to the 
specific organism may be applied to the 
water to stop the troublesome growth. 

Equally applicable to the methods of 
water examination is the fact that single 
analyses are almost worse than useless, 
except possibly where water is high in 
mineral matter or is obviously polluted. 
A series of analyses, systematically 
planned and executed, is required, if an 
intelligent and safe opinion on a water 
supply is to be pronounced. It is also 
of the greatest importance that the 
analyst should know the origin and en- 
vironment of the water he is examining, 
preferably by personal inspection. This 
is the more apparent, in the case of sani- 
tary analyses, when it is remembered 
that the analyses merely serve as indices 
to aid in judging the character and ante- 
cedents of the water. 

Little need be said to show that one of 
the most efficient and incontrovertible 
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' means of detecting impuntiea in water m 
a Tisible iDSpectlon of the water aod all 
that is discharged iuto it. If the banks 
of the streams, ponds or reservoirs in 
whicTi water is gathered or stored are 
lined with -ptivj vaults, if cesspools are 
nearby, and if sewers are adding the vol- 
ume of their flow to that of the water 
supply, chemists, bacteriologists and 
nilcroscopist^ hardly need be called in to 
determine that the water is impure. 
Wherever population cannot be excluded 
from a drainage area strict sanitary in- 
!■ epection should be maintained to see that 
no pollution is permitted. With good 
^ laws for the punishment of offenders, or 
V intelligent Judges to lay down the com- 
mon lawj sanitary inspectors can do 
much for the purity of water supplies. 

A word should be said regarding the 

collection of samples* This should bo 

)^§gmo by the analyst, or a person acting uu- 

his instructions, or some one thor- 



I 



84 

oughly conversant with the essentials of 
taking samples. First of all, the recep- 
tacles in which the samples are placed 
must be thoroughly clean and as soon as 
filled must be sealed to prevent the in- 
troduction of foreign matter. The water 
must be collected in such a manner as to 
be representative of the average water 
furnished. For bacterial examinations 
the cultures should be planted as nearly 
as possible on the spot, and if shipping of 
the samples before planting is necessary 
the samples should be packed in ice. 
Plain directions for collecting and ship- 
'ping samples may be obtained from many 
of the State Boards of Health and from 
analysts to whom samples are to be sent. 
The close relation between water sup- 
ply and typhoid fever is now almost uni- 
versally recognized. Observations show 
that cities with exceptionally pure water 
have low annual typhoid death rates and 
that the rates commonly increase with 
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the pollution of the supply. Where the 
typhoid death rate is persistently more 
than from 15 to 20 per 100,000 living 
population the chances are that the 
water supply is not what it should be. 
Of course there may be other causes for 
high typhoid rates than polluted water, 
but many of these are likely to be tran- 
sient rather than permanent in character, 
and to give rise to epidemics, instead of 
uniformly high rates. Where vital statis- 
tics are properly kept it is a simple mat- 
ter to determine the typhoid death rate, 
and it should be computed frequently 
and regularly. To the shame of many 
states and cities no properly classified 
records of disease and death are kept. 

The substitution of filtered for crude 
and sewage-polluted water at Lawrence, 
Mass., in 1893, resulted in a marked 
diminution of the typhoid death rate, 
and the same has since been true in 



86 

many other cities. A notable demon- 
stration o£ the relative effects of impure 
and pure water on the typhoid death 
rates has occurred at Newark and Jersey 
City during the past few years. As the 
author of this volume has worked up 
these cases with care for use elsewhere, 
and as they are very instructive, it seems 
proper to quote at some length from the 
article in question * 

Two remarkable instances of a decrease in 
typhoid fever following a change from a sewage- 
polluted to a pure water supply have recently 
occurred in Newark and Jersey City. Both of 
these cities were for many years dependent upon 
the Passaic Kiver for their water supply. The 
pumping stations of the two cities were about a 
mile apart, and but a few miles below the cities 
of Paterson and Passaic, the sewage of which is 
discharged into the river. Other communities 



*The Effect of a Pure Water Supply on Typhoid 
Fever in Newark and Jersey City.— Engineering Newa^ 
Sept. 30, 1897. 
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contributed more er hm to the pollution of the 
stream^ 

On April 20, 1803, the city of Newark aban- 
doned the Passaic River and bogan using water 
brought some 25 miles from the Pequanuock 
River by means of works built by the East 
Jersey Water Co. This stream is one of the 
highland tributaries of the Passaic, having a 
sparse population in its drainage area. Imme- 
diately after making this change in its sonrcQ 
of water supply there was a great drop in the 
number of deaths from typhoid fever in Newark, 
but Jersey City, which used the Passaic water 
for about four years longer, continued to have 
a high mortality from ty])hoid fever until it 
also changed to the Pequannoek supply. 

The accompanying table has been prepared to 
show in detail the effect of pure water on ty- 
phoid in these two cities^ The table has been 
made to cover a period of 11 years or from June 
30, 1886, to June 30. 1897, in order that it might 
contrast five years of impure water and Ave 
years of pure water in Newark, learing the year 
1S91-S to stand by itself. 
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Mortality peom Typhoid Feveb 

In Newark and Jersey City Before a/nd After 
Introducing a Pure Water Supply. 
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, ^Newabk- 

r-Deathfr-% 



JbbsbtCitt- 



-Death rate.- 
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, r-Deaths^ 
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1887. 
1888. 
1889. 
1800. 
1891. 
1893. 
1898. 
1894. 
1895. 
1896. 
1897. 



.8,784 84 
.4,188 76 
.4,858 131 
.4,948 194 
.4,420 134 
.5,641 158 
.4,900 63 
.4,760 43 
.4,643 43 
.4,628 61 
.4,496 44 



164,300 23 51 

169,200 24 45 

174,200 24 75 

179,300 28 106 

184,600 24 72 

190,000 30 81 

195,600 26 32 

201,200 24 21 

206,900 22 21 

212,600 22 29 

219,100 20 20 



65 
75 
85 
99 
101 
72 
66 
53 
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26 146,900 
26 151,300 

26 165,700 

27 160,400 

26 165,400 

27 170,500 
26 175,700 
24 181,100 
24 186,600 
23 192,300 
19 198,200 



81 8,686 
114 3,980 
132 4,065 
150 4,268 

167 4,386 
123 4,633 
116 4,631 

96 4,320 
174 4,497 

168 4,40r 
88 3,735 



From this table it appears that in Newark 
for the five years when the supply was from 
the polluted Passaic the average number of 
deaths from typhoid fever was 70 per 100,000 of 
population, and that for the five years after the 
change to Pequannock the typhoid mortality 
was only 25 per 100,000. 

Jersey City continued to use the foul Passaic 
for over three years after Newark changed to 
the Pequannock, so that its record for three 
years before and after Newark changed can be 
compared with the Newark record for the same 




period. Doing this, we find that for the three 
jeBJt^ ending June 80, 1891, Newark lost 85 per 
10O,(M)(} of its citizens from typhoid, and Jersey- 
City 05. For the three yeara ending June BO, 
1805, Newark lost but 25, while Jersey City lost 
71 per 100,000. Doubtless the water supplied 
to Jersey City during the last three-year period 
was actually worse than that furnished pre- 
Tiously^ although the typhoid death rate per 
100,000 was le^. This may be accounted for 
by the fact that the people were better aware 
of their danger in the latter than in the earlier 
period, and, therefore, took more pains to avoid 
the use of the crude Pass^iic for drinking pur- 
poses, some boiling and others flit en ng it before 
using, while many bought mineral or spring 
water. Besides this, it has been suggested that 
in a eommuiiity using polluted wiiteryear aft«?r 
year, many people became partially or wholly 
immune. Credit should also be given to in- 
creased skill on the part of doctors and nurses 
and increased vigilance on the part of health 
anthoritiea in controlling infectious diseases. 

The Peqaannock supply wns introduced grad- 
ually in Jersey City, an increasing percentage 
of the total consumption being furnished month 
by month dortng 1806, until in October the 
Passaic was entirely abandoned. The typhoid 
Uv6r diminishod with the decrease jn the use 
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of the Passaic water, as is shown by the follow- 
ing figures: 

1 I If 

MbnflL sib mlc Month. - - - *"- 



ill Hi 



January 72 % July 90 8 

February ... GO 30 Angost 94 8 

March 57 16 September ..80 8 

April 42 9 October. 11 4 

M^y 50 6 Norember... 1 

June 20 7 December ... 5 

These figures are all the more striking since 
typhoid fever is generally more prevalent in 
the latter part of the year than at any other time. 

For the year ending June 30, 1897, Jersey 
City used no water from the Passaic River. 
Her typhoid death rate for that year fell to 19 
per 100,000 population, against 20 in Newark. 
For the year ending June 30, 1895, the last full 
year shown in the record during which Passaic 
water was used, the typhoid death rate in Jersey 
City was 93 per 100,000. The relative number 
of total deaths from typhoid in each of the two 
years was 174 in 1894-5, and 38 in 1896-7, or a 
decrease of 136. Part of this decrease is 'doubt- 
less due to other causes than improved water 
supply, both Newark and Jersey City showing 
a marked decrease in the last few years in their 
total mortality rate. Newark has been grad- 
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ually improvdng in this particular ever iince the 
Pequannoek supply ^as introduced. As it has 
now been five years silica that event and the ty- 

tphoid mortality has kept at a pretty constant ■ 
rate, with one exception, ever since, it is only ■ 
fair to give other departments of the city some 

(credit fir the reduction of the typhoi d mortal- 
ity. This seems all the in ore reasonable, since 
in 1895-6 the typhoid jumped from 21, for the 
two previous years, to 29; while the total mortal- 
ity rate fell one point. Moreover, Jersey City 
showed & decrease in its total death rate before 
the new water supply was introduced. 

I Too much stress should not be laid upon the 
minor variations in these figures, for it is a 



well-known fact that mortality returns in this 
country are at best quite imperfect, and all pop- 
ulations between census years have to be esti- 
mated. In the present case the geometrical rate 
of increase in population between national cen- 
sus years was used in computing the yearly pop- 
ulations. This method gives a result for the 
year 1895 about 0,O(M) below the State Census for 
Kewark, and 4,000 above that for Jersey City, 
or about 4$ less, and 3^ greater, respectively. 
These differ ences have very slight effect upon i 
the death rates for 1895, but, of course, the dii- 
erepancy increases a^ the years go by. The ten* 
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The total njimber of deatlm from ty- 
phoid fever in Newark, was 50 in 1902 and 
61 in 190S, gi™g approximate rates per 
100,000 population of 19 and 23, respect- 
ively. The corresponding figures for 
Jersey City were totals of 44 and 36, and 
rates of 20 and 16. 

The examination of treated or purified 
water does not differ essentially from 
that of natural water. Practically the 
same methods are followed in each case^ 
and the results are compared to ascertain 
the degree of purification effected. 
Where the aim is to reduce or remove tur- 
bidity, color, taste, odor, iron or hardness 
it is, of course, a simple matter to deter- 
mine whether the desbed end has been 
obtained. If organic pollution is involved 
then the chief concern is the redaction 
in the number of bacteria. 

This raises the point ; Hotv is the bac- 
terial purification to be judged f We 
have seen that bacterial counts^ or nu- 
merical determinations, and not identifi- 
cations of kinds, is all that is practicable. 
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What, then, is the permissible number of 
bacteria in potable water ? The standards 
are at best quite arbitrary. The aim is to 
have as few bacteria as possible. In nat- 
ural waters, not subject to sewage pollu- 
tion, the maximum permissible number 
of bacteria has been placed by various 
authorities at from 100 to 500. Where 
the water is treated, both experiment 
and practice show that properly designed 
and operated filters, of either type, will 
remove an average of 97^ to 99^ of all 
the bacteria. Obviously, percentages 
here may not always form a proper stand- 
ard, especially with water high in bac- 
teria. For instance: In water iaving 
originally 1,000 bacteria per cu. cm. 
there would be only 30 left with a 97^ 
removal, but water containing 30,000 
bacteria per cu. cm. originally would still 
have 900 after 97'^ had disappeared. It 
is conceivable, also, that a water some 
times in great need of purification, at 
others might be quite satisfactory in its 
natural state, in which latter case insist- 
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ence on removing any filed percentage of 
the bacteria might be abenrd. These 
considerations enggest a standard com- 
posed of both a percentage of remoTal 
and an absolute number limit, the actual 
figures in each case varying with local 
conditions. The greater the danger of 
sewage pollution the higher the bacterial 
standard should be. 

The frequency of making analyses is 
also a matter depending largely upon 
local conditions. Even with natural 
waters analyses might well be made at 
least once a month, regardless of the pur- 
ity of the supply^ Once a week would 
be better and in most eaeea would be a 
wise expenditure of money, since it would 
afford a ready means of detecting any 
deterioration in the quality of the water. 
The poorer the water the greater the 
need for close watchfulness and frequent 
analyses, in order that prompt warnings 
may be given the consumers to boil it or 
avoid its use temporarily. 

Where the water is being treated, an* 
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alyses or tests of some sort should be 
made very often, to judge accurately and 
continuously of the efficiency of the pro- 
cess. In addition, separate samples of 
the effluent from each section or unit of 
the plant should be examined, to see 
whether all parts of it are working 
properly. If the purification plant is a 
large one daily analyses may be advisable, 
and may help reduce the operating ex- 
penses. This would be the case more 
particularly where chemicals were being 
used, the analyses, or tests of some sort, 
indicating changes in the character of the 
water and the amount or kind of chemi- 
cals needed. The analyst may also be 
the general superintendent of the purifi- 
cation works, thus tending to reduce the 
expenses. . 
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SOME NOTABLE AMERICAN WATER 
LABORATORIES. 



In the early days of American water- 
works neither chemical, bacterial nor mi- 
croscopical examinations of water, as now 
understood, were thought of, or possible. 
-WDeterminations of the mineral contents 
^of water were first made and subsequently 
^\)t ''chemical methods for estimating organie 
*• ^i^inatter were developed. Until recently 
the microscope was used as a diversion, 
or in the pursuit of natural history, rather 
than as an aid in securing and maintain- 
ing pure water supplies. Practical re- 
sults from bacterial examinations of water 
were secured, at least in considerable 
numbers, before much had been accom- 
plished in the same field with the micro- 
work, in each 
^boratories, 
cities or 
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water companies as special needs for 
their services made themselves felt. 

About 1888 the Massachusetts State 
Board of Health was made responsible 
for the sanitary protection of all the in- 
land waters of the State and established 
the Lawrence Experiment Station to 
study the purification of water and sew- 
age. Thereupon the Board began to 
make water examinations, literally by the 
thousand, and has continued the work to 
the present time. In the laboratories of 
the Board at Lawrence and at Boston it 
is probably safe to say that more chem- 
ical, bacterial and microscopical examin- 
ations of water and sewage have been 
made since 1888 than elsewhere in the 
world. 

Perhaps the next most notable city 
laboratory in this country, in point of 
time and amount and character of work, 
was the Chestnut Hill laboratory of the 
Boston water-works, taken over, after 
many years of operation, by the Metro- 
pohtan Water Board. Microscopical 
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work, in particular^ was carried oix here 
to a great extent 

Following some years after the Bostoit 
example, the water department of Brook- 
lyn, now a part of New York, established 
a rery complete laboratory at the Mtw 
Prospect reservoir, where the three 
branches of research discussed in this 
Yoiume have since been pursued. 

The value of the experimental work in 
water purification at LouiiSvillej Pittsburg 
and Cinciniiati was dependent on th© 
fully equipped and manned laboratories 
estabhshed especially for the purpose in. 
each city. 

A feature of the water purification 
plant built at Albany, N, Y,, in 1898-9, 
is the provision of a laboratory building- 
in the center of the works, a feature 
since adopted at many purification 
works- 

A number of the State Boards of 
Health, besides Massachusetts, have 
chemical and bacteriological laboratories,, 
either independent or connected with. 
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the laboratory of some institution or in- 
dividual. 

The first private water company to 
equip a complete laboratory for use in 
connection with its regular work, so far 
4is the author knows, was the Spring 
Brook Water Supply Co. of Wilkes- 
Barre, Pa., which controls a number of 
separate companies and sources of sup- 
ply. This laboratory was established 
early in 1899. 

It is not to be expected that every 
water- works plant in the country will have 
a well equipped laboratory for making 
water analyses. Many village plants are 
too small for this and many do not 
^greatly need it, at present. But as time 
goes on and the significance and value of 
various branches of public health work 
l)ecome better known the number of lab- 
oratories for investigations in hygienic 
and sanitary matters will rapidly increase. 
The time has already come when no town 
of 10,000 inhabitants can afford to be with- 
out the regular services of a chemist and 



101 



I 



bacterialogisty working in either a private 
or public laboratory* The food^ especially 
milk, as well as the water supply of all 
villageSj towns and cities should be sub- 
jected to frequent and regular examina- 
tion, besides which bacterial cultures 
should be made in connection with diph- 
theria, tuberculosis and other diseases. 
In the smaller towns this work might be 
done by health inspectors, trained in 
some one of our technical schools, now 
growing so rapidly in numbers and ex- 
cellence. For the larger places the whole 
time of one or more competent men are 
needed for water inspection and analysis 
alone. 

There is another phase of municipal 
laboratory work. Several of the recent 
laboratories originally organized for wa- 
ter or sewage examinations are gradually 
coming into extensive use for tests of 
materials and construction and of sup- 
pHes. There are cementj asphalt and 
pipe coatings, coal and oil and other 
material to be analyzed, as well as water 
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and sewage, all with great possibilities o 
direct money saving. The two classe 
of work, sanitary and general, may b 
carried on side by side without inter 
fering with each other. Often both line 
may thus be made possible where the ex 
pense of either alone would seem quit< 
out of the question. 

The time has come when it is no longe: 
excusable for either public or private 
! t corporations to go on blindly using o: 

abusing the forces of nature and trans 
i grossing the laws of health. Engineer 

! ing, chemistry and biology have beei 

developed in a marvelous way during 
the past two decades. Their lessom 
are available to all who will heed then 
and should be neglected by none wh( 
have the economic and physical welfares 
of whole communities in their keeping 
Pure water is one of the essentials oi 
modem life and he that aids in providing 
it confers comfort and health upon al 
who enjoy it and deserves the thanks oi 
jr ■■ men and the blessings of heaven. 
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8ions. 1 3mo, cloth . Twenty^flrst edition. 1 75 

An Elementary Treatise on the Differential and 

Integral Calculus. With numerous examples. 
ISmo, cloth. Seventeenth edition 2 25 

-~~ An Elementary Treatise on Analytic Mechanics. 
With numerous examples. 12mo, cloth. Fourteenth 
edition 8 00 

An Elementary Treatise on Hydro-Mechanics. 

With numerous examples. 12mo, cloth Fifth 
edition 2 50 

■' A Treatise on Roofs and Bridges. With Numerous 
Exercises. Especially adapted for school use. 12mo, 
doth. Illustrated net 2 25 

BOWIE (AUG. J., Jun.,M.B.). ▲ Practical Treatise 
on Hydraulic Mining in Calif omia. With DescriptioD 
of the Use and Construction of Ditches, Flumes. 
W^ough^iron Pipes and Dams ; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, lo Mining. Fifth edition. Small quarto, 
cloth. Dlustrated 5 00 

BURGH (N. P.). Modem Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 36 
colored plates, 269 practical woodcut illustrations, 
and 408 pages of descriptive matter. The whole 
being an exposition of the present practice of James 
Watt & Co., J. & G. Rennie, R. Napier & Sons, and 
other celebrated firms. ThicR quarto, half morocco. 10 00 




BITKT (W, __.,. __^ _ . . , ^ 

Snrrejof'B Compajiioii. CompriEsini^ all the tuIbh 
neceesoTT f or use in the field; also deacription of 
tJMi Lloear Survfivs aud Public Land 8yBt«m of the 
United States, ^otea on th-^ Ba-^ometer, Suf^KeStiona 
for an Outfit for & Survey of Four Mootm, etc. 
SoTenth edition. Pocket-boolc torm, tiwk. 2Sff 

CAI.DW£:i.I., (G. C.y, and A. A. BKENEMAN^ 

aiauuAi of Introductory Chemical Practice. For 
tlie nm of students jq Collugea ^Jod Normal and 
Hl|?h Schoola. Fourth ©dition, revised and oorrected. 
8vo,<:lotii lUtiStmted. *......,. ...ISO 

CAMPIN (FRAJCCIS). On the ConstructioQ of Iron 
Eoofs. A Theoretical and Practical Treatise^ with 
woodcuts and Platea of Roof a recently executed. 
Btto, cloth. * £09 

OABTEK (E. Tp)» Motive Power and Oearing for 
Ulectrical Machinery. A Treatise on the Tlieory 
and Practice of the Mecbankal Equipment of Power 
Scatloufi for Electric supply and forJiiectic f ra{.*tlon. 
Sro^clotb. lUtiiStrated,,... . . . & 00 

GATHCABT CProf. WU. I..)* Maohme Eletnetits: 
Shrinkaije atid PresHiire Joints- With tiiblea and 
dla^ams. fivo. cloth. Illustrated . .... « net 2 50 

, MftHue En^iio Design , . , . * ,(Id Press.) 

CHAMBER'S MATHEMATICAL TABLES, Con- 
dieting of loEHrithms of Nuitibers 1 to HJ8.000, Trigo- 
nometrical, KauU calf and other tables. New edltioD. 
8VO, cloth.. ...,.,,. ,,*.*,.,*.., i 75 

tJHAUVKNET (Frof, WO* K©w Method of Gorrect^ 
in^ Lunftr Distances, and Improveil Method of 
Flodjng the Error unci Rat^ of a Chronometer, hy | 
Equal AltlLudee, ©vOt cloth ..- . . ,. ,....g£» 

CHRISTIE (W, WALLACE). Cblmtiey Design and 
TheM>ry. A Book for Engineers and Architects, with 
ntunerous half-tone lUiutratioiisaod plains of Ikmoua 
chimneys. 13mo. clotb. ......... ,..^ 3 00 

CHrRCH (JOHN A.). Notes of a Metallurgical 
Journey in Europe- evo. clotii . . . . . t . . S 00 

CLARK D. ( IE IX?? E AR, C. K*)^ A Manuftt of Bules. f 
Tables and Data for Mechatdeal Engineers^ Based 
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on the most recent investigatfonB. Dlustrated with 
nomerous diagrami. 1,012 pages. 8vo, cloth. Sixth 

edition ; 5 00 

Half morocco 7 60 

OIiABKD.(KINNBAB,C. E.)« Fuel: itsCk>mbust- 
ioQ and Kconomv, consisting of abridgements of 
Treatise on the Combustion of Coal. By C. W. 
Williams; and the Economy of Fuel, by T. S. 
Prideaux. With extensive additions in recent prac- 
tice in the Combustion and Economy of FueK Goal, 
Ooke, Wood, Peat, Petroleum, etc. Fourth edition. 
12mo, cloth. 1 50 

The Mechanical Engineer*s Pocket-book of Tables, 

FormulsB, Rules and Data. A Handy Book of 
Reference for Daily Use in Engineering Practice. 
lOmo, morocco. Second edition 8 00 

■ Tramways, their Construction and Working, em- 
bracing a comprehensiye history of the system, 
with accounts of the various modes of traction, a 
description of the varieties of rolling stock, and 
ample details of Cost and Working Expenses. 
Second edition. Re-written and greany enlarged, 
with upwards of 400 illustrations. Thick 8vo. cloth, g qq 

■I The Steam Engine. A Treatise on Steam Engines 
and boilers ; comprising the Principles and Practice 
of the Combustion of Fuel, the Economical Genera- 
tion of Steam, the Construction of Steam Boilers, and 
the Principles, Construction and Performance of 
Steam Engines, Stationary, Portable, Locomotive 
and Marine, exemplified in Engines and Boilers of 
recent date. 1,300 figures in the text, and a series 
of folding plates drawn to scale. 2 vols. 8vo, cloth. 15 00 

OI*ABK (JACOB M.)« A new System of Laying Out 
Railway Turn-outs instantly, by inspection from 
Tables. 12mo, leatherette 1 00 

CLAUSEN-THU i' (W.). The A. B. C. Universal Com- 
mercial Electric Telegraphic Code ; especially 
adapted for the use of Financiers, Merchants, Ship- 
owners, Brokers, Agent, etc. Fourth edition. 8vo, 

cloth 5 00 

Fifth edition of same 7 00 

■ The Al Universal Conmiercial Electric Telegraphic . 
Code. Over 1,240 pp., and nearly 90,000 variations. 
8vo, cloth 7 50 




CUSBMAlfX (THOS. M.)* The Railrond Engineer'a 
Practice, Belu^ a Short but Cample (e Deycription 
of the Duties ol the Youdi^ En^neer in the PfeHml- 
nary and Location Surveys and in CoQstmction. 
Fourth edition* Revised and enlarged. Illustrated. 
l2!mo, cloth .,♦,,..*..,,,... , . 1 fiO 

€I.£:T£KG£:I£ (3> R.)- A l^eatise on the Method of 
Govemiiieut Surveylog as preacritted by the U* S. 
Congre^ and Cotnmlaslotiei* of the General Lajid 
Office, with complete Mathematical, Astrouomieal 
and Fractleal Instructions for the use of the United 
States Surveyors In the field. l6mo, morocco < 2 SO 

COFFIN fProf. J* e, €,). NavlgfttJon and Nautical 
Astronomy. Prepared for the use of the U. W, Naval 
Academy. New Edition. Rsvi^wd by Commiinder 
Charles Belknap. S2 woodcut illustratiouB. 12mo, 
cloth.... , ........net, 8 50 

COliE: {R. E,, M. A.). A Treatise on Photof^raphtc 
Optica. Being au accouut of the Prineiplea of 
Optics, ao far as they apply to Fhotograpby, l2mo, 
clotht 103 illustrations anci folding: plates .<!««* S 50 

OOLJjINS (J as. E;i* The private Book of Useful 
Alloys, and Memoranda for Goldemith«» Jewelers, 
etc. J8mo, cloth , . * ♦ 30 

CORNWALL (Prof, H* B.), Manual of Blow-pipe 
AmUynlfi, QtJaUtatJve and Quantitative, With a 
Complfjt« System of Determinative Mlnerdlogj^ Svo, 
cloth. With many illuatratioos.^ * «. . .*.* ii QO 

€BAIG (B, F,\, Weights aod Meaeareitt. An Account 
of the Dectmal System, with Tables of Conversion 
for Oottjmerclal aoid ScleatlQc Uaas, BqtiareSSmo, 
limp cloth... ., ♦. ..,.,..... GO 

GBOCK:e:b (F, »•). Electric Lighting. A Practical 
Exposition of the Art, for use of Etigineers, Students, 
and oLbOTB tnterested In the Installation or Operation 
of ElflctHeal Plants. Sixth, edition, rcvfaed, 8to, 

clotb. V«LI. The Oeneratlag Plant ♦ 3 00 

Vol. n. Difltrlbnliag Byi^teinfl and Lamps. Fourth 
edition ..,..,,.*...„... ... a 00 
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OBOOKKB, 

PraotiQ 

Fourth ., , 

enlarged. With a special chapter oy H. A. Foster. 
12mo,clotlL Illustrated 100 

OVUMINO (UNN^US, M. A.). Electricity treated 
Experimentally. For the use of Schools and Students 
Newedition. 12mo,c]oth ISO 

DATIKS (K. H.). Blaohinery for Metalliferous Mines. 
A Practical Treatise for Mming Engineers, Metallar- 
friste aDd Managers of Mines. With upwards of 400 
Illustrations. Second edition, rewritten and en- 
larged. 8vo, cloth net 8 00 

DAT (CH ABIiBS). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler TestinK; 
Including a Table of Piston Constants compiled by 
t W. H. Fowler. 12mo, doth. 125 illustrations 2 00 

DKBB (W. I«.). Block Signal Operation. A Practical 
Manual Oblong, doth 150 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
General Information applicable to Sno]>Tools, Mill- 
Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing Taluable Tables and Instruc- 
tion in Screw-cutting, Valve and Link Motion, etc. 
16mo, full morocco, pocket form 125 

DODD (GEO.)* Diotioiiary of Manufactures, Mining, 
Machinery, and the iBdvtrlal Arts. 18mo,doth ... 150 

DORB (B. F.). The Surveyor's Guide and Pocket 
Table Book. 18mo, morocco flaps. Fifth edition, 
revised, withasecond appendix 2 00 

DBAPBB (O. H.). An Elementary T<»«t Book of 
Light. Heat and Sound, with Numerous Examples. 
Fourth edition. 12mo. cloth. Illustrated 100 

H— I and the Princtplei of Thermo-Dyramics. 
With many fUnstratlons and numerical exampltw. 
12010, olou 1 50 




DUBOIS (A. J,)* Th& New Method of Oraphio 
Statics. With (50 lUiistratltMiB, Bvo, cloth. ... 160 

SBDY (Prof, H* X»)» Re^earehea Jn Graphical 
Statics. Ecibracing New Construction a in Graphi- 
cal Statics, a New Oepcml aiethod Ln Qraphical 
SUticSf aiad the TlieoFj of Intfu-iial Btreaa lu Graphi- 
cal Statica. BTO,cloth..., ...... .150 

>Taj:itrj,um Streeses under Ccncetitrated Loads, 

Treated graphicalJy. lilUBtrated. Svo, cioth 1 SO 

HESSLIIB (M.)- The Metal lurja^' of Gold ; a Practical 
Treatise on the MetallurifiesJ Ti^atment of (loid 
Bearing Orea, including ibei Prttceaseti of Concentra- 
tion and ChlorlnatJon. arnl the AhHayiiig, Meltina 
and Iteflnio^ of Gold. Fifth Edition, revised and 
great J7 eniargod. lifT illustratiuoa. t^mOrCl^iiii 7 50 

The Mi^tiLlkir^ of Silver ; a Practical Trent iw or, 

the AnLalgaiiiatJou^ Boastiiift: and LLitivation of f^iJVff 
Ores, in eluding the A8?*»\iii|c, UvKlng arid Et^Hijin^ 
of Silver Bullion. 124 illn^tralions. Koeond tdition, 
eolargtid, l^mo, cloth 4 Ot 

-The Metalluro" of Argentiferous Lead ; a Pmca- 

caj Treatise on the Bmelthi^ of Silver Irfisd Orc^s and 
the EeflniBK of I^ad BuUion> tDclmJing Hcporta 
on Tftriotis Smelting EstablisbmentH and Dtfiicnp 
tlotiB of Modern Smelting Ftirnaces and Flonta m 
Europe uid America. With im iiiustrationB. Bto, 
eloth soft 

• 0'(^^de Process for the Extraction of Gold otia 

its Practical Application on the Witwatersrnnd Gold 
Fleids in South Africa. Third edition, revist^d and 
enlarged, flro, cloth. IllustrationBandroldirigpkUjt^s 3 00 

^ A Hand-book on Modern ICxploslveSt *^eitig a 

Practical Treatise on th© Manufacture and upe of 
DTHamitef Gun Cottoa^ Kitro-Olycerine nifd other 
Eiploalve Com pounds, including the manufaijture 
of Collodion Cotton, with ehapt^reon explotil^esi in 
practical a pplieaLJ on. yvt^ind ediUont enlarged with 
150 liluritrat400». mmo, cioih. , . . . ■ & OC 

KLIOT {C. W.)» and STORER (F. H/u A compen* 
dloue Manual of Qualitadve Cheinical Analysla. 
ttevised with the co-operation of the authors^ bj 
Prof. William R. Nichok. lUnstrated. tw^nUeth 
edition, newly raTlaed by Prof. W. B, linasay. limo, 
oJoth,, ,.,«.*,..* ......_,. , iHH 1 ^ 
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KIXIOT (Mid. GEO. H.)« European Light-House 
Systems. Being a Report of a Tour of Inspection 
made in 1878. 61 engravings and 21 woodcuts. 8vo, 
doth .6 00 

KIXISON, (I^EWIS M.)* Practical Application of 
the Indicator. With reference to the adjustment of 
Valve Gear on all styles of Engines. Second edition, 
revised. 8vo. cloth, 100 illustrations HOi 

KTEBETT (J. D.). Elementary Text-book of 
Physics. Illustrated. Seventh edition. 12mo,clotl^ « 60 

EWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 160 illustrations. 8vo, cloth 4 00 

FANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-Supply Engineering. RelatiDg to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of Water- works in North America. 180 
illustrations. 8vo, cloth. Fifteenth edition, revis- 
ed, enlarged, and new tables and illustrations 
added. 060 pages 5 00 

FISH (J. C. li.^. Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9xl2H, boards 100 

FISKE (Lieut. BRADLBT A., U. S. N.). Electric- 
ity in Theory and Practices or, The Elements of 
Electrical Engineering. Eighth edition. Svo, cloth 2 60 

FISHER (H. K. C. and DABBY, W. C). Students' 
Guide to Submarine Clable Testing. Svo, cloth 2 60 

FISHEB (W. C). The Potentiometer and its Ad- 
juncts. 8vo,cloth 2 25 

FLBISCHMANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by C. M. Aikman and 
R. Patrick Wright. 8vo,cloth 4 00 

FLBBIING (Prof. J. A.). The Alternate durrent 
Transformer in Theory and Practice. Vol. 1— The 
Inductionof Electric Currents; 611 pages. New edi- 
tion. Illustrated. Svo, cloth 5 00 

Vol.2. The Utilization of Induced Currents. Illus- 
trated. Svo, cloth 3 06 

— » - Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the Koyal Insti- 
tution, April-May, 1894. 8vo, cloth, fully illustrated 3 00 



FLEMING (Frof. J, A0< Electrical tAbOratorr 
Notea And Forms, ISbmotttory ftnd advuit^d. 4u>, 
clotji, Ulaatrated...., ../„, „. 5 00 

FOI.EY fNELSOX), &nd THOS. PRAT, Jr. Tb© 

^echiinical Engineera" Hefer«aoe Book for Machine 
and BoiJ^f C^d hi mcli<ia . i a 2pa,rts . Part 1 — 0«nie raJ 
Engineering Data. Pan S— BoUer Ooiustnictloa. 
With flfty-oDfi plHV&n and numeroua illufltrailona, 
epeciaJly drawn for thia work. FoUo, half mor. . . .35 OC 

FORNEYCMATTHIAS N,]- Catechism Of the Loco- 
motive, Becond editioan, revised and enlarged. 
Forty-elxth thousand. 8to, cloth. ...,*.,»..,**...*. 3 50 

FO!$T£R (C3*ii- J.Q,^V*E* AX SuhmarJne Blastinr 
tn Boston Harbor. Maasachusetta, RemoTal of 
Tower and Corwiu Rocks, lllustratod with? plates 
4to, doth , 3 fiO 

FOSTISH (H. A.), llectrical EnglneerH* Pocket Book. 
lOOQ pages with the collaboration of Eminent 
BpeclalL^Lfi, Thlid edition, fe^t\Med. Pocket Bize^ 
full leather, . **,.,.-***„.*,..,...- . 5 (KJ 

V0STX;R <jAMEfl). TreatlB© on the Evaporatioa 
on Saccharlno, Chemical and other liquida by the 
Multiple !:^yBtetQ in Vac-uum and Open Air* Second 
edition. DiAgrama and Large plates, giro, cloth. .., 7 50 

FOWXiBK. Mechanical En^eers^ Pocket Book fcr 

IIKM ...* ........,,.,.. 100 

FOX rfrM.>» and C. W. THOMAS. M. K- A 

FraotlcaJ Oourae In Mechanical Drawing, aectiiid 

edition, revised. Vimo, cloth, with plates. . 1 i?5 

FRANCIS (JA9, B., C. E.>- Lowell HydrauJic 
Experiments. Being a eelectiOQ from experimeDtji 
on Hydraulic Motors, on the Flow of Water over 
Weira, lo open Canala Of tiniform Tet?tfl,ngular 
section, and through submerged OritlceB and 
diverj^ng Tubea. Made at Low*- 11. Mass* Fourth 
edition, revised and enlarged, with many new ex peri- 
n^entti, and illustrated with 23 copper-plate engrav- 
ingB. 4to»cloth .,. < *t.,,..ia (0 

FBOST (GEO. H.>. Engineer's Field Book. By 0. 
S. Croaa To which axe added seven chapters on Rail- 
road LoeatioD and QonBtrucCion. Fourth editiot^. 
13B10, cloth,., **«•,,,<♦.-.»*...—*.. ». *-* 1 00 



D. VAN NOSTRAND COMPANY'S 



FUIXER (OKOR6B W.)* neport on the Inveatiga- 
tlons into the Poriflcation of the Ohio River Waur 
at Louisville, Kentucky, made to the President aiau 
Directors of the Louisville Water Company. Pub- 
lished under ae^reement with the Directors. 4to, 
cloth. 8 full page plates. net 10 09 

OKIPEIi (WM.), and KITOOUB, (M. H.) A 
Pocketbook of Electrical Engineering Formula. Il- 
lustrated. 18mo,moroooo 8 09 

OKRBICR (NICHOLAS). Chemical and Physical 
AnalyHiH uf Milk, Condensed Milk and Infant's Milk. 
Food. 8vo, cloth 126 

OKSCH WIND (LUCIEM). Manufacture of Alum and 
SulphateH, and other Salts of Alumina and Iron ; 
their nnes and applications as mordants in dyeing 
and cah'co printing, and their other applications in 
th« Arts, Manufactures, Sanitary Engineering, Agri- 
culture, and Horticulture. Translated from the 
French by Charlen Salter. With tables, figures aud 
diagrams. 8vo, cloth, illus. net 6 00 

GIBBS (WILLIAM K.). Lightingby Acetylene, Gen- 
erators, Burners and Electric Furnaces. With 66 
illustrations. Second edition revised. 12mo, cloth. . 1 50 

OILLBIOBK (GEN. Q. A.). Treatise on Limes, Hy- 
raulic Cements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
No 0, containing Reports of numerous Experiments 
conducted in New York Cityduring the years of 1858 
to 1H61, inclusive. With numerous illustrations. 8vo 
cloth 400 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 200 

Report on Strength of Building Stones in the 

United States, etc. 8vo, illustrated cloth 1 00 

GOLDING (HENBY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Gas, Oil and Air En- 
gines. 12mo, cloth. Illustrated net 1 25 

GOODEVE (T. M .). A Tdzt-Book on the Steam En- 
gine. With a Supplement on Gas-Bngines. Twelfth 
Edition, enlarged. 148 illustrations. 12mo, cloth. . . 2 00 

GOBE (G., F. B. S.). The Art of Electrolytic Separa- 
tion of Metala, etc. (Theoretioal and Practical.) 
niumrated. 8vo, cloth 3 50 




GOUL.O (£. ^mi^B.lfS^'S). The Arithmetic of the 

Steam Engine. 8vo, cloth „, 100 

ORIFFITHS (A. D., Ph. D.). A Treatifie od Manures, 
or the Ptiilotfophy of Manuring. A Practical Hand- 
Book for tlie AgHculturLsf^, Maaufacturer aJid 
Student. 12mo, doth... , ..., ...300 

GBOV£R (FR£I>£BICK}. FTOCtlcal Treatlpe Oti 

M<>dern Gas and OH EuEinea. 8to, cloth, lUustmted a 00 

OUBDEIX (BICHAIiD LtOYOU Tmvffse Tables: 
computed to 4 places Deeimak for every " of mpgle 
up to 100 of Distance, For the iiso Of Surrey ore and 
EDjgineers. New KtUtion. FoUo, half momM-'co, . . 7 W 

GtTT AltTHfTR (F,). Electric Li^bt and Power^ 

fiviDK the Keitult of Pmotu!^) Ii3cperience iu CeDtral 
latlonWerk* 8vo, cloth. lUuHtrated. . , , . , SM 

HAEDEB (HKBMAN C^ E:.V A Handhook od the 
Steam Kaplno. With eHpecial reference to uraall 
and medium »UEed e&^ineH. EngrU^h edition re-edited 
by the author from the second German edition, and 
tnmelated with consldemblS' additions and oltera- 
C tians by H. H. P. Powela. ISmo, doth. Nearly llflO 
lJIufltratieti8.„, ...„. ».,„.* ..... 3 CO 

HAI'I^ (WM. S. Pi*ofiV ElemeutB of the Differential 
and Integral Calculus. Second editioQ. 8to, cliJth. 
IlluBtrated+**.„H. *...., ., .,.,..,.,*,.. net 2 SV 

HAt.SE Y (F. A.I. Slide VaJve Gears; an Eicplanatkjn of 
tdne action and Construction of Plain and Cut-olf 
Slide Valvea. tUuatrated. iSmOi cloth. Btith 
edition.,.,,. 1 fi& 

The Us© of the Slide Rule. niUBtratea vdih 

diagram s and folding plates. 1 6mo, hoarda 5& 

HAMILTON (W, G.). Useful Inform ition for Roil- 
way M^sii. Tenth Edition. rov4j!ed and enlaqced. 
563 pages, pocket form. Morocco, gilt — . Si 0& 

HANCOCK (M1]RBEBT>< TeJtt Book of Mechan- 
ics ajid Hjdroistatlc^i wilh over 600 diagrams. 8^0^ 
cloth ... . •. 175 

HABRISON tW. B,>* The Mechanics' Tool Book. 
With PrucCical Rules and Suggestions for ii«e of 
Maehli^Hta. Iron-WorkeFSi and others, lUiistrated 
with 41 eDgroTinj^A. ISmo, cloth. .. . ......... w ... . lUk 
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HA8KINS (C. H.). The QftlTUiometsr mod its Umil 
A Manual for Etootridans and Student!. Fomtli 
edition. ISmo. oloth 180 

HAWKK (WIIXIAM H.). The Premier dpher 
Telegraphic Code Containing 100,000 Words and 
Phraaee. The most complete and most useful general 
code jet published. 4to, cloth .. 600 

100,000 Words; Supplement to the Premier Code. 

AU the words are selects from the official Tocabu* 
larj. Oblong quarto, cloth 490 

HAWKINS (C. C.) and WAIXIS (F.). Th^ Dynamo; 
its Theory, Design and Manufacture. 190 illustra- 
tions, 12mo, cloth S 00 

HAT (AliFRED). Principles of Alternate-Current 
Working. ISmo, cloth, Uiustrated ... 800 

HEAP (MiOor D. P., U. S. A.). Electrical Applianoes 
of thn Present Di^. Report of the Paris Electrical 
Exposition of 1881. 260 iUustrations. 8to, cloth. 2 00 

HKATISIDE (OlilYEB). Electromagnetic Theofy. 
8vo, c oth, two volumes < aca 6 00 

HSNBICI (OliAUS). Skeleton Structures. AppUed 
to the Building of Steel and Iron Bridges. Illustrated 1 SO 

HBRBMAN N (OUST AT). The Graphical Statics of . 
M chanism. A Guide for t( e Use of Machinists, 
Architec s, and Engineers: and also a Text-book for 
Ttehnical Schools. Translated aud annotated bv A. 
P. Smith, M. E. 12mo, cloth, 7 folding plates. Thhrd 
Edition 200 

HICBMANN (FEUX). Painting on Glass and Porce- 
lain t*nd Enamel Pal tiring. On the Basis of Personal 
Practical Expe ience < f the ( ondition of the Art up 
to date Translated by Charles Salter. Second 
greatiy enlarged edition. 8vo, doth, niustrations, 
net 360 

HEWSON (WM.). Princ'ples and Practice of Em- 
bankii g Lmds f «^m River Floods, as applied to the 
Levees of the Mississippi. 8vo, <doth 200 

HIIX (JOHN W.). Th» Purification of Public Water 
Supplies, niustrat'd with vaiuable Tables, Dia- 
' grams and Chits. Sro, clotu, 804 pages 300 

— The Interpretation of Water Analyses. . (In Press) 




HOBBS (W. B« P*). The Arltlimedc of El«ciric*l 
Worked, l2mo, cloth , ,........, ,3* 

MOFF (TfTttt B,, Com. V. S* Niitt*)» The AToldftnca 
of ColllHlOD^ •t Sea- 18mo, morocco ......._„..„ .7& 

nOIXEY CAL£;XAND£R I..). RoUway Pmc^oe. 
American and Bliiropean Rallw&y praetlce io the 
EooDomlcBl Genera tioa of &t«Am> 77 UttiogT&ptaed 
l>laie«. Folio, cloth 13 » 

HOUILKS (A. BROSTLET). The ElectHo Ueht Top- 
uMrly Explained. Fifth Edition, lUustrHied. iStno, 
paper..,. ..- 00 

HOFB:mS tl^EVIl, M.), Model En^es and small 
Boats. New Methods of Engine aod Boiler Makine 
with a cbti.pter od Ulementarj Ship Detilgn and 
CoDBtructioD . 12mo, cloth ........ 1 % 

HOSPlTAiiEM (tE.). Polyphased AJtemattoB Oui^ 
rents, lUustrated. flro, doth. ......... .. ... 140 

HOW ABO (C R.). Earthwork Henmiratlon on the 
Basift of the PiismoidjU FormulJie- Containing 
Bimple and I^abor-savlng Methods of obtainini? FrJs- 
moidal Coutent« dlre^^tly frtun End Areas. Illustra- 
ted by Examples and accompained b^ Plain Bule^ 
lor Practical lJae». Blufltrated. 8to, cloth 1 Ot 

BITMBEH (WIIXIAM, C, E.)- A Handy Book for 
the Calculation of BtroinB in Girders and Similar 
Blrucrtures, and their StreBgth ■ CooaSnting of 
FortQuiae and Correspond ing Diaerams, with 
numerous detaUs for practical applicatioQ, etc. 
Fourth Edition. l2mo^ cloth.. ..,.. « ,, ^ S 50 

SUM8T (GEORGE H,)* Colour- A Hand-hook of the 
Theory of Colour. Containing ten coloured plates 
and 72 d Lagrams. Stq, cloth. Ulustrated. Frio? .... 2 00 

Lubricating Oila, Fits and Grea^a. Their Origin , 

Prepamttop^ Propenles. Use* and Analysis. Sl» 
pages, with e& llliiatrattoiia. &rC| cloth ............. 3 Of 

<— Soaps; A Practical Manual of the Haimf acture of 

Domestic, ToUet and other Soaps, DluBtrated with 

M EngraTlngs, Svo, doth, ., .,*,..,,... tt il 
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HUTCHINSON (W. B.). Patents and How to Make 
Mooev out of Them. Member of New York Bar. 
12mo.cloth. New York, 1899 195 

BUTTON (W. S.}. Steam Boiler Construction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent practice in the 
design, construction, and working of all kinds of 
stationary, locomotive and marine steam boilers. 
With upwards of 600 illustrations. Third edition. 
Carefully revised and much enlarged. 8vo, cloth ... 6 00 

Practica Engineer's Hand-book. Comprising a 
treatise on Modem Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 570 
illustrations. 8vo, cloth 7 00 

— The Works' Manager's Hand-book of Modem 

Rules, Tables, and Data for Civil and Mechanical 
Engineers. Millwrights and Boiler Makers, etc. , etc. 
With upwards of 160 illustrations. Fifth edition. 
Carefully revised, with additi<}ns. Svo, cloth 6 00 

INN£S (CH ABIiES H.)* Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 50 

— Centrifugal Pumps, Turbines and Water Motors. 

Including the Theory and Practice of Hydraulics. 
12mo, cloth net 2 00 

ISHERWOOD (B. F.)* Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Snnneers. With illustra- 
tions. 2 vols, in 1. Svo, cloth 2 50 

JAMESON (CHARI^BS D.). Portland Cement. Its 
Manufacture and Use. Svo, cloth 1 60 

^AMIBSON (ANDREW C. E.). A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science ana Art, City and Guilds of London 
Institute, and other Engineering Students. Tenth 
edition. Illustrated. 12mo, cloth 8 00 

■ Elementary Manual on Steam and the Steam 
Engine. Specially arranged for the use of First- 
Tear Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. 12mo, cloth i ro 
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J AITNETT AZ (EDWARD)^ A Guide to the Deter- 
initiation of Kocka : betQ^; an Introductloa to 
lilttioLo^y, Tri^nalat^d from the French by G. W* 
Plytnptoa, Profeaeorof Physical Sdence at Brook- 
lyn Polytechnic Institute. ISnio, cloth , . . 1 W 

JOHNSTOX, Prof* J» F* T¥,, ^ml CAMEKON. Sli' 
CHAS> ElemectH of A^riculturiLl Cbemistry sLnd 
Geology* SeTetiteenth edition, lamo, clotb _ S fiO 

JorxSON (F. H.)- The Metals used In Construction. 
Iron, Steel, Bessemer Metal, ^tc Illustrated, l^inoi 
cloth,*... .H ,„^....- 75 

~— — "Designing and Constnictlon of Machine 0earin^, 

Illustrated, STO,cloth.. ,..30(1 

KAJfSAS CITY HRIDGE (THE.! With an Accouftfe 
of the ReglQien of the Mlj^soiiri ^iverand a Descrip- 
tion of the Mfthods uaed for Founding in that River, 
By O. Chanute, Clii*;^f Engineer, and George Morri* 
son. Assistant Engineer. I!liistratti>d with 5 iitho- 
graphic views and 12 plates of pl^ns. 4tO) cloth — S 00 

KAPP (GILBERT C, E.>, El^eHc TransmlssioQ 
of Energy and its Transformation, Buhdivisioa, and 
Dlatribuflon. A Practical Hridd-book. Fourth 
edition, reviled, l^o, cloth..,.. ...♦♦**. ..., 3 50 

Dyoannos, Alternators and Transfonners. 138 

tUustratJons. ISlno, cloth ........... , . . . ♦ 4 00 

EEMFE (H, R,% The El&ctrical Enffhieer^B Pocket- 
BooJf of Modern Hules, Formnlpe, Tahlea and Pata. 
Illustrated. SSmo, mor. gilt. 1 7S 

KENNEI.I.Y (A. K.\ Tbt^oretical ElementB of Elec- 
tro- Dynamic Machinery, firo, cloth ..... .......... 1 50 

KXLOOtIR, M. H., SWAN, H., and BIGG», C. H* 

W* Electrical Distribution i its Tn^ryand Fracttoe. 
174 Illustrations, iSmo, eloth , , , 4 00 

KHfG (W. H*)* Lessons and Praotitjal Notes on 
SteacQ, The Steam Enj^ue. ProjK^llers, etc., for 
Young Marine Engineers, Studeut«, and others. 
Uefvised by Chief Engineer J. W. Klnp, United States 
Na?y. Ninet^Bnth edition, enlarged. 8vo, cloth. . . , 2 00 

KINODON (J. A»>i Applied Maf^otism. An intro- 
duction to the Design of Electromognetie Apparatus. 
STO.cIoth ,. .. BOO 
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KIBKAXDT (WM. O.). Ilhistratioiis Of DaTid Kii*- 
aldj^B System of Me-banical Testiiis« m Oriflrtnatod 
Mud Carried On by hiiu during aQoarter of aOentaiy. 
Comprising a Larf^e Selection of Tabulated Besnlts, 
showing the Strentfth and other Properties of Mate- 
rials used in roiiKiruction. with explanatory Text 
and Histori<:al Sicetch. Numerous engraTlngs and 
25 Uthographed plates. 4to, doth. 90 00 

KIBKWOOD (JAS. P.). Report on the FQtratlon of 
River Waters for the supply of Cities, as practised in 
Europe, made to the BoaM of Water Commissioners 
of the City of St. Louis. Illustrated by 80 double- 
plate engravings. 4to,cloth 7 50 

KNIGHT (AUSTIN BI., Lieutenant Commander, 
U. S. N). Modem Seamanship. Illustrated with 136 
full-page plates and diagrams. 8vo, cloth. Second 

edition, revised net 6 00 

Half morocco 7 50 

IiARR ABEE (C. S.)* Cipher and Secret Letter and 
Telegraphic Code, with Hog's Improvements. The 
most perfect Seoret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
cloth 60 

liEASK (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo,cloth. Second edition 2 00 

Triple and Quadruple Expansion Engines and 

Boilers and their Management. With fifty-nine 
illustrations. Third edition, revised. 12mo, doth. . 2 00 

— — ^ Refrigerating Machinery : Its Principles and 
Management. With sixty-four illustrations. 12mo, 
cloth 200 

I.ECKY (S. T. S.). " Wrinkles " in Practical Naviga- 
tion. With 180 illustrations. 8vo, cloth. Ninth 
edition, revised... net 8 00 

liETY (C. L.). Electric Light Primer. A Simple and 
Comprehensive Digest of all of the most important 
facts connected with the running of the dynamo, and 
electric lights, with precautions for safefy. For the 
use of persons whose duty it is to look after the 
Idant. fivo.paper. 6t 
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TXTACUm (ACH., Iiievnieur CItII Dea Minei), 
Tht^ ManiifA<stuiT& of VarntiOieej Oil CruahiD^, Rcfin- 
inf^ and BoiliDg and Kindred IndustriefE. Translated 
from the French imd grea^Jj extandedt hy John 
GftddeB M clntosh . Bvo, do bb. Uluatrated. ....,, net & (Ml 

1X1 CK£ ( AI^RED G., and CHARI.KS G.) A Prac- 
tical Treatise on the Manufactiinfiof Sulphuric Acid, 
With 77 Confltructive Plates drawn to ^cale Meas- 
urementa. and other lUostrations, Royal 8tO| cloth. 10 Oft 

IiOCKEBT (lOTJlS), Petroleum Motor-Cara. 12tno, 
cloth ..... .. im 

liOCKWOOD (TH09* DO* Electricity, Magnetlfim, 
(uad ElectFO-Telegraphy. A Practical Quildd for 
Btudents, Operators, and Inspectorfl. Sro. cloth, 
tThh^l edition... , 2m 

— . Electrical Meaaurenaent and the Galvanometer ; 

Ita Conatructloa and Uses. Secood edition. 32 lllus^ 
tratiuti^. ll^mOt doth. ...-..-... 1 QOb 

liODGE (OLXI'^R J.), Elementary Mechanics, 
Includtag HydroBtatl<s and Pneumatlcsi. R&vis&d 
edition. 13mo*cloth .......lUft 

I^OKING (Ap EO* a Hand hook of the Electro^Maif- 
notic Teiegmpb . Fourtii edi tf on , revised ,..**,.**,** 

£.VCB (Com. S. B*)' Text-Book of Seamanship. The 
Equipping lind HaudUcig of Veaaela ojider Sail of 
Steam^ For the use of theU. 8. Naval Academy. 
Be?lsad and enlarged edition, by Lt. Win. S. Bensoti, 
evo^ cloth. *.10 0» 

I.U7f OB (GEO.)- A Theoretlcft) sad Fracilcol TraaUse 
on the Manufacture of Sulphuric Acid andAikali 
with tbe Collateral Branchesj. Vol. I, Suiphuric 
Add, Second edition, revised and enlarged. ^hI3 

ttluHtmtlona. 8vo, cloth... ..„..., ..... .... 15 00 

Vol. tl. Second edition, revlaed and anlaz^ed. 

8to, cloth .,^ ^ ..lea© 

Vol UL 8vo,clotii. KeweditiOQ, 1896..*. - 15 00 

I^VXGS:^ (GEO,), »Dd HlTRTEil, F. The Alkali 
I^Iaker's PocketrBook. Tables and Analytical Meth- 
od a for Manufacturers of Sulphuric Acid, l^ltrto 
A Lid, Soda, Pot.ash and Axninonla, Second edition. 
J2mo. cloth . * Bm 
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tiVQUER (I^EA MoII^YAINE, Pb. D.). Minerals 
in Rock Sectioiui. The Practical Method of Identi- 
fying Minerals in Rock Sections with the micro- 
scope. Especially arranged for Students in Technical 
andSdentiflc Schools, ^o. cIoUl Illustrated.. net 1 60 

M ACKROW (CliEBISNT). The Naval Architect's 
and 8hip.Builder*s PockeuBook of FormulaB, Rules 
and Tables; and Engineers' and Surrey ors* Handy- 
Book of Reference. Eighth edition, revised aud en- 
larged. 16mo, limp leather. Illustrated 5 OC 

MAOUIBE (Capt. EDWARD. U. S. A.). The 
Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 50 

MAGUIRE (WM. R.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 3S2 
illustrations. 8vo 4 00 

MARKS (EDWARD C. R.)* Mechanical Engineering ^ 
Materials: their Properties and Treatment in Con- 
struction. 12mo, cloth. Ulustrated 00 

Notes on the Construction of Cranes and Lifting 

Machinery. 12mo, cloth . 1 50 

MARKS (G. C). Hydraulic Power Engineering: a 
Practical Manual on the Concentration and Trans- 
mission of Power by Hydraulic Machinery. With 
over 200 diagrams, figures, and tables. 8vo, cloth. 
Illustrated 3 60 

MATER (WM.)« American Telegraphy: Systems, 
Apparatus, Operation. 460 illustrations. 8vo, cloth. 8 50 

MAYER (Prof. A. M.). Lecture Notes on Physics. 
8vo, cloth 2 00 

McCUIiLOCH (Prof. R. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. 8vo, cloth 3 60 

McNEUX (BEDFORD). McNeill's Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, Smelt- 
-'ing and other Companies, Bankers, Stocic and Share 
Brokers, Solicitors, Accountants, Financiers, and 
General Merchants. Safety and Secrecy. 8vo, cloth. 6 00 



SCIENTIFIC PUBLICATIONS, 



n 



McPHEEBON (J. A,^ A. M. I7i$t a K). Water 
WDrka DtBLrJbution: a practical guide to the laying: 
out of sy&Eems of dMributJDg malne for the Rupply 
of water to citiet) und towns. With tables^ foldmg^ 
platen and Diimeroua fiill^page diagraiiGiS. 6vo, 
cloth, liJustrated * , S SO 

MWTAJL TUBNTNGi By a Foreman Pattern Maker. 
Illustrated with Bl Eiigra^liies. LSmo, cloth ........ 1 50 

MIKXTTE (WM.). Mechanical Drawing. A Tfeit- 
borik f Geometrical Draw ng for the uae of Mechanics 
and Bc^hoolfl, In which ihe Definitions and Rul&i of 
GeoTii'try *.re famtUaj-Jy explained- the Prnctical 
Trobluins are arranged from tLe moat tiimple to the 
utiore complex* and in iheirdeacriptloD techntcalitien 
are avoidnd as muc h a« ptigaible. 'With illu^Crationi 
for Draw ng PIiub, SecMons, and Elevations of Rail- 
ways and Machinery; an In traduction to Isimietricil 
Drawing, ac^d an Es&av on Linear Perspective aiid. 
Bhadows Illustrated witti over 200 diagrama 
engraved on steeL Ninth thousand. With an appen- 
dL!£ on the Theory aad Application of Colors. Svo, 
clotti , ,.., 4 00 

Geometrical Drawing. AhHdged from the OctftTo 

edition, for the U9^ Of school b. Illustrated with 48 
steel plates . Ninth edltloo, 12mo» doth . , * . ,....„ S 00 

MODI^Rir M^TSOROLOGT. A Series of Sir 
Lt^tU' es, df^livered under the auspices of the Met^r* 
oiogical Society in 1870* Elustrated. 12mo, cloth . I 50 

MOREING <C» A,>, and NEAI. (THOMAS). Tele- 
graphic Ml Ding Co ^e Alphatetfually arranged. 
Secoad edition. 8vo, cloth. . . * .^. . . . . .... 8 40 

MORRIS (E-), Ea«y Rules for the Measureraent of 
Earthworks hy means of the Frlsoooidal Formula. 
8?o, cloth. Illustrated..,., ,.. 160 

MOSEfl (ALFRED J.), and PARSONS » C. I>. Ele- 
tnents of Mlneralogi% Crystailoffrfiphyajid Blowpipe 
Analysis from a practical standpoint. Fourth 
thousand. Sto, cloui. d&Q illuatrations. ..... ... net S SO 

MOSES {At,FRED J.)- The Chftra<?tera of Cnetalft. 
An Introduction 10 Physical Crystal lo^aphy, coi- 
talnlug 3^21 DlustratlonB and Diagrams. a?u> £11 
PP - net ^OO 
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BfOORS (E. C. S.). New Tables for the Ck>mplete 
Solution of Ganguillet and Kutter's Formula for the 
flow of liquids in open channels, pipes, sewers and 
conduits. In two parts. Part I, arranged for 1,060 
inclinations from 1 over 1 to 1 over 21,120 for fifteen 
differeut values of (n). Part II, for use with all other 
values of (n). With large folding diagram. 8vo, 
cloth. Illustrated net 6 00 

KUIXIK (JOSEPH P., M. E.)* Modem Moulding 
and Pattern-Making. A Practical Treatise upon 
Pattern Shop and Foundry Work; em' racing the 
Moulding of Pulleys, Spur Gears, Worm Gears, Bal- 
ance-Wheels, Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool work. Mining Machin- 
ery, Screw Propellers, PattemrQbop Machiaery, and 
the latest improvements in Eaglisii and American 
Cupolas; together with a'large collection of original 
and carefully selected Rules and Tables for every- 
day use in the Drawing Office, Pattern-Shop and 
Foundry. 12mo, cloth. Illustrated 2 SB 

IIUNBO (JOHN C. H.)* and JAMIESOX 
ANDREW C. E. A Pocket-book of Electrical 
Rules and Tables for the use of Electricians and 

^ Engineers. Thirteenth edition, revised and enlarged. 

^ With numerous diagrams. Pocket size. Leather. . 2 50 

miBFHT (J. G., M. E.). Practical Mining. A 
Field Manual for Mining Engineers. With Hints for 
Investors in Mining Properties. 16mo, morocco 
tucks 100 

iTAQUET (A.). Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings. 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
Chaudler, Ph. D., M. D., LL. D. 12mo, cloth 2 00 

^ASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, revised and enlarged. 8vo, 
cloth. 622 pages. 250 Illustrations 3 00 



iTEWAXL (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel'Gears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
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■bftpe from end lo eud; and ^bawt&g how to ^t i>ufc 
ft] I partiiiulArs for tl^e Worleahop witbout muktoe 
auj I>rAwIngs. IncludiD^ & Full Sat of Tablea of 
Eafereiiijre. Foldlnj^ plate$. 8vo, cloth. .-. ..... 1 EO 

Ili:UBtTttOKK iHKNRY) and HKNSI NOAI^ 
HAT. TiM:hnokij?y of Petrokum The Oil FJtfldfl 
Of the World; tbeir History. Oposraphy amd Geology. 
WHb 1S3 iLlii3tratloa» and i^ pla^ep, TriiDslAted 
from the French by John GeddfM McIntOBh. 8to, 
ciotli .....*..♦..... .............. ... bet la OD 

ITBWX^KDa (JAMES). The CftrpentOTfl' and Jota- 
ers' Ap»tBtiiDt: beln^ a ComprebeDBive Treatise on 
thp &alectior!, Pr^'paretion and StmogLb of Mate- 
rlalB, iliid tho MeChaniCEil Friocipiea of Frandog. 
Illui^tmted. Folio, haJf morocco. IS 00 

10FH£B (FRANCIS E., A. M,). Tboory of May- 
notic Metinur^^ments, with au appendix on tbe 
Method of Le&Jit SquArea, l2iuo, clotii ..... 1 00 

KOAl> ( HENRY M,)* The Students' Text-Book of 
Electricity. A new edltloo, carefully rerlHed. With 
aa IntroductiOD and Addittona] chaptera toj W. H. 
Preeoe. Witti 471 liluetraLiooa. 12mo, doth. ....... 4 00 

irVGE^T (E,). Treatise on Optics; or, Li|?ht and S[fcht 
thf?ut«bically and pructicaily treated. wiLh the ^PPli- 
cation to Fine Art and hidustriat Purtjuits. with 
JOS lllustrayoua. I2inu, cloth. 160 

0*CONKOB (HRNRTTK The Gas Enginf*er''a Pocket- 
Book. CompriHinij tables, Notea and Alemoranda^ 
relatiog to the Manufacture, Distribution and Dae 
of Coal Gas atid the CoueimcUoQ of Gab Work*. 
iSmo, full leather, gilt edgi^. , w . . 3 M 

OtJDiN CM, A.k Standard Polypbfta© Apparatus and 
SvHteins* with maiiy pbott-rrproductioas^ dia- ' 
^'raiiiB, and tablea, Tbird t^ditioni revised. Bro, 
cloth. liiuMtpated,... .. .......... S 00 

PAGR {DAVID), The Earth's Crust, A H*ndj Otrt- 
line of Gtioiogj. ItJmo, cloth ........ 75 

PAXAZ (A,, ScD.>, A Trf-atlse on Industrial Pho- 
tometry, with special appiieation to Electric Light- 
ing. Authorised transmtion from the Frenoh, by 
George VV. Tattersoii, Jr. Second edition, renaed. 
eTOtCioth. lUuairated,... ...««#00 
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PAR8HAIX (H. F.) and H. M. HOBABT. 

Armaiure Windings of Eleciric Machines. With 140 
full-page plates, 65 tables, and 165 pages of descrip- 
tire letter-press. 4to, cloth T sg 

P£IBCE (B.)* System of Analytic Mechanics. 4to, 

cloth loot? 

PBBBIXE (F. A. O., A.M., D.Sc). Conductors 
for Electrical Distribution; their Manufacture and 
Materials, the Calculation of Circuits, Pole-Line 
Construction, Underground Worldng and other Uses. 

8vo, cloth. Illustrated net 8 60 

Postage 25 

PBBBT (JOHN). Applied Mechanics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 660 pages., net 2 50 

PHXIiLIFS (JOSHUA). Engineering Chemistnr. A 
Practical Treatise for the use of Analytical CJhem- 
ists. Engineers, Iron Masters, Iron Founders, 
students and others. Comprising methods of Analy- 
sis and Valuation of the principal materials used in 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. 814 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 50 

PICKWOKTH (CHAS. N.). The Indicator Hand- 
book. A Practical Manual for Engineers. Parti. 
The Indicator: Its Construction and Application. 81 
illustrations. 12mo, cloth 160 

' The Slide Rule, A Practical Manual of Instruc- 

tion for all Users of the Modem l^rpe of Slide Rule, 
exhibiting the Application of the uistrument to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and Eleciricul. 12mo, flexible cloth. Fifth edition. 80 

PI«ANE T ABIiE (THE). Its Uses in Topographical 
Surveying. From the Papers of the United states 
Coast Survey. Illustrated. 8vo, cloth 2 00 

PULNTE (GASTON). The Storage of Electrical 
^Blnergy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. ElweU. 89 
illustrations. 8vo 4 00 

PliATTNEB. Manual of Qualitative and Quantitative 
Analysis with the Blow-Pipe. Eighth edition, re- 
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vised, TmDslat^Hi hf Hfliiry B. CtirnwAlU E.M., Pb-D,» 
assisted bj^ Joha H. Oaswell, AM. From the fiiith ' 
a^nJiAn editidu, by Prof, Fried itcb Kolbeck. IlUja- 
irated with 87 woodcuts. 463 pages. 8to, cloth ►.net 4 00 

FI-TWPTON (Prof. GEO- W-1, Tbe Ambroid Ba- 
rometer: ]t» CDnHtnictlon and Use. ComptJed from 
eeTeral aoarcea. Fourth edition* Ifimo, boftrds. 
niuBttBted. 5(1 

DOCKET LOGARITHMS, to Four Plac^ of Deci- 
mals, inchiding: Txji^^irithma of K umbers, and Lo^* 
rlthmlc Sines ajid Tanf^eitts to Sinplf^ MiiouteB. To 
which i& added a Table of Naturai Sinea, TangeatBf 
and Co-Tangenta. 16mo^ boards* ... *,..,. 10 

POPE (h\ LJ, Modem Praettce of the Electric Tele- 
graph. A Tech d leal Han d-^ book for Electricianait 
Managers and Operators. Flftet^ntb edition, rewrit- 
tffii and ealarg^ed, and fully illustrated. Bvo, cloth. 1 BO^ 

POFPtEWEl*!* (W» C*), Elemejitary Treatlae on 
He^Lt and Heat Engine. Specially adapted for 
eng^lnoers and stddeats of engineering, l2mo, cloth. 
Elustrated....... ....,.-.. SW 

POWLKS f H. H*), Steam Boiters, .Qxi PT«g»0 

FBAY (Jr., THOIMAS), Twen^ Years with the 
Indicator; being a Practical Text- Book for the 
Engineer or the Student^ with no complex FormitUe. 
IlluBtra.t«tl. Svoj cloth... e Sd 

Steam Tables and Engine Conntant. Compiled 

from K^^anlt^ Kankineand Dixon directly, maVln^ 
UBC of the exact records. 8vOj c^oth. ............... S 

PBACTJCAI. IKOK roiTNDOfG* By tbe Author 
of '* Pattern Making,'^ ^c, &c. Illustrated with 
over one hundred engtavlDgs. ISmo, clotb ..<... . 1 fiO 

FBEE€£ rw, H.)^ Electric Lampe ....... (In Press.) 

FBEfiCE (W. S.}, and STUIIBS, A. T* Manual 
of Telephony. Ulustrations and pl&tes. Itmo, clotb. i SH 

PBEMIER CODB. (Be6 Hawk, Wm. H.) 

PBE SCOTT (Prof. A. B.). Organic Analysis. A 

Aflaiiual of tbe DeflcripCive and AD&lyiical Chemisstiy 

of ct^rtain Carbon Com pounds in Cammcin Use; a 

" Giilde In the Qualitative and QuantltatlTe Analyato 

of Organic Materials in Commercial and Pbumi&- 
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. oeatioal Absktb, in the estimation of ImiNiritiM 
under Authorized Standards, and in Forensio Exam- 
inations for Poisons, with Directions for EUementarj 
Organic Analysis. Fifth edition. 8vo, cloth 5 00 

PBBSOOTT (Prof. A. B.). Outlines of Proximate 
Organic Axialysis, for the Identification, Separation, 
and Quantitatiye Determination of the more com- 
monlj occurring Organic Compounds. Fourth edi- 
tion. Itmo, cloth 175 

First Book in Qualitative Chemistry* Eighth 
edition. 12mo, cloth 1 50 

and Otis Coe Johnson. Qualitatiye Chemical 
Analysis. A Ouide in the Practical Study of Chem- 
istry and in the work of Analysis. Fifth fully re- 
vised edition. With Descriptive Chemistry extended 
throuRrhout net 8 50 

PBITCHABD (O* 6.)* The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PULLEN (W. W. F.}. Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, doth. Illustrated. 

net 8 50 

PinUSIFEB (W. H.). Notes for a History of Lead. 
8vo, cloth, gilt tops 4 00 

PTNCHON (Prof. T. B.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and High Schools. Dlustrated with numerous 
engravings, and containing copious experiments 
with directions for preparing them. New edition, 
revised and enlarged, and illustrated by ^69 illustra- 
tions on wood. Svo, cloth 8 00 

BADFOBD (Lieut. CTBUS S.). Hand-book on 
Naval Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. 8. Navy, U. S. 
Marine Corps and U. S. Naval Reserves. Revised 
and enlarged, with the assistance of Stokely Morgan, 
' Ueut. U. S. N. Third edition. 12mo, flexible leather. 2 00 

BAFTEB (GEO. W.), and M. N. BAKEB. Sew- 
age Disposal in the United States. Illustrations and 
folding plates. Second edition. Svo, cloth 00 

&AM (OILBEBT S.). The Incandescent Lamp and 
its Manufacture, Svcdoth 8 00 
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I BAJNDA!.!. (J. £:.). A Practical Treatise o& the 

I Xiicandesoeikt Lamp. Il]u&tmi«d. itimot clotb,.... CO 

f BAHBALX. (P. MO* Quartz Opemtor's Hand-book. 

[ New edition « rcTleed atid enlarged, fully tliwstrated. 

ISmo, cloth. .,2m 

BAKKIN^ {W. tJ. MACQTfaBN,] Applied Mechan- 
I ica. Compruitng the Principles of Statics and Cine- 
L matica, and Theory of Structures, MechaniBm^ and 
I MaclwDes. With numerous diagranis. Fifteenth 
1 edition. Thoroughiy revised by W* J. MiEar. Svo, 
' cloth .,....:.... : SflO 

Civfl En^neeriuK^ Comprifiing Eisg:ineerii]B: 8ur- 

veys^ Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Kcka^ls, Ballways, Canak, Rivers, 
Water Work a, Hart>otB, etc* With numeroua tables 
and lIlustratioaB* Twentieth editioii* Tborougkly 
fttTijSed by W. J. SnUar. Siro, cloth . ., 00 

MachioeTy And Mill work. OomjnrJsiDg the Geom- 

etry^ MotJMna, Work, Strength, Construction, aud 
Objects of Machines, et^. lUu^trated wlih nearly 
300 wood cTlt^. Seventh edition. Thoroughly re viiied 
by W.J, Millar. Svo, cloth,... 5 00 

— The Steam Engine and other Prime Movcra. 

With diaj^ram of the Mechanical Fr&tiefUen of 
Steam-fold in jc plates, numerous tabl^ aud iHustra- 
tlotjs. Thirteenth edition. Thoroughly revised by 
W.J.Millar, (iTo,clotb..., . ...... 5 00 

Useful Rulea and Tables for Engineers and 

Others. With append Ijc, tables, teat^, abd formulaa 
for tba use of lLlei:trlcal En^in^^ers. CompriBing 
Suhmartne Electrical Engineering^, Electric Llghtinj^, 
&cui TranamJRsien of i^ower, By Andrew Jumleson, 
O. E., F. K S. E. Seventh edition. Thoroughly 
MTised by W. J, Mlilar. Crown Sto, cloth. 4 00 

A Mechflnlral Text-Book. By Prof. Macquom 

Eankltie and E F. Bamber, C. E. With numerous 
UlUHtrationfl. Fourth edition. 6vo, cloth . . 5 SO 

BAPH ARL (F. €0* ILocahsation of Fauita in Electric 
LightMalna, 8vo, cloth - * 2 00 

BECKElN^ZAtJN (A.>, Electric Traction on Railways 
and Tramways. S]^ Oluetratlons. l^fmo. cloth. ...4 00 
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In WatohmaVing and allied Mechanical Artg. Trans- 
lated by J. Tripplin and E. Bigsr. Seoond edition, 
reTlBed with appendix. 12ino, cloth 8 fiO 

SOHBIXEN (Dr. H.)* Magneto-Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Tltuismis- 
sion of Power. Translated from the third German 
edition, by N. S. Keith and Percy Neymann, Ph. D. 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. L, with 868 
illustrations. Second edition 6 00 

SCHUMANN (F.). A Manual of Heating and Venti- 
lation in its Practical Application, for the use of 
Engineers and Architects. Embracing a series of 
Tables and Formulas for dimensions of heating, flow 
and return pipes for steam and hot- water boilers, 
flues, etc ISino, illustrated, full roan l 60 

8CBIBNEB (J. M.)« Ensrineers^ and Mechanics^ 
Companion. Comprising United States Weights and 
Measures. Mensuration of Superfices and Solids, 
Tables of Squares and Cubes, Square and Cube Roots, 
Circumference and Areas of Circles, the Mechanical 
Powers, Centres of Gravity, Gravitation of Bodies, 
Pendulums, Specific Gravity of Bodies, Strengtii, 
Weight, and Crush of Materials, Water-Wheels, 
Hydrostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables of the 
Weight of Metals, Scantling, etc., Steam and the 
Steam Engine. Twentieth edition revised. lOmo, 
fullmorocco 1 50 

gBATON (A. E.)* A Manual of Marine Engineering. 
Comprising the Designing, Construction and Work- 
ing of Marine Machineiy. With numerous tables 
and illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo., 
cloth 6 00 

and ROUNTHWAITE ( H. M.). A Pocket- 
book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects, 
Designers, Draughtsmen, Superintendents, and all 
engaged in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket sise. Leather, with 
diagrams. 12mo. morocco Illustrated 8 00 
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SEXTON f A- HUMTJOtUT). Fuel »nd BotractoiT 
Materials. 8vd , cJotb ...«.,. ft 00 

BHISLDS (J, i:»). Not^a on Engitieering- Oonatruc- 
tioQ EmbrocLnj? Diecuadiona of the PriiitdpleB 
In vol Ted, and DescriptloDS of the Material enipi<w©d 
in TuQDelHnj?, Bridging, Canal ajid Hoad Buiiding, 
etc. liimo, cloth ....,,... ... 1 50 

SHOCK ( WM. H.>, Steam EoOers J Their Desfgn^ 
CoustnictLon aad MaaaKement. 4to, half morocco. 15 00 

SHKe:V£: (S, H.)* a Treatiae on th6 Strength of 
Uridines and RoofH. Oomprisiriu the detemiinatlon 
Df Algebraic formulas for Htmins m Horizontal, 
Incllne^l or Rafter, Triangular, Eowstringj T^nticu- 
lar, and other Trusses, from flied aod inoviTig loads., 
with practical applications and exajiiplea, for the 
UI16 of b^tudent^ Had Engineers. 67 wt^ctit illus. 
Fourth edition. ii?o, cloth ...3 60 

SHtF^m (W. F.). The Field Engineer. A Handy 
Book of practice In the Survey^ LocatioiL, and Truck- 
work of HaJlrtjada. containing a large coliectlnn of 
Bules and Tabl^, original and Be]e<^ted, Applicable 
to both the Standard and Narrow Gauge, and pro- 
pared with apeeial refertjnee U» the wants of the 
young Ecgineer Fourteen tJi i-ditioLi, revised and 
emlajged. iSmo, morocco, tuck^^ ...««»* S 60 

SIMMS (F, WO. A Traatis* on the Prinefplefl and 
Practice of LeTellitij^. Showing its application to 
purposea of Railway Engineeiine, and the Con- 
atructfon: of Boads, etc. Revised and corrected, 
with the aiidltion of Mr. Laws' Practica! Exatoples 
for netting out Railway Curves. IliuHtrated. Bto, 
cloth,... ...„ 860 

' IMMS (W. VA, Practical Tunnelling. Ftourth edition. 
reTised and greatly extended. With additional 
chaptort illustrating recent practice hy B. lilLmiear 
Clark. With 3S plates and other lUnstratioQB. Im- 
perial 8to, cloth .12 00 

j^l^ATER (J* W.), Sewage Treatment, Purification, 
and Utilization. A Practlt^l Manual for the U«e of 
Corporations. Local Boarda, Medical Offloera of 
Health, Inspectors of Nuieaaces, Chemists, Manu- 
foctiirers^ RIparEan Owuera, Engineera, and Rate- 
payers, iztnoicioth, .aai 
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TODD (JOHN^, and W. B. WHAIX. PrsctioAl 

BeamanHhip for Use In the Merchant Service; Indiid- 
infr all ordinary subjects: also Steam Seamanshin, 
Wreck Lifting, Avoldinfl: Collision, Wire Splicing, Dfih 
placement, and everything necessary to be known 
by seamen of the present day. Second edition, with 
)U7 illustrations and diagrams. 8vo, clot^ 8 00 

TOOTHED GEARING. A Practical Hand-book for 
Oinces and Workshops. Bv a Foreman Pattern- 
maker. 184 Illustrationi. 12mo, cloth 2 SS 

TBATMAN (E. E. BUSSEIX). Railwav Track and 
Track Work. With over two hundred iUustrationB. 
8vo, cloth "00 

TBETERT (EDWABD). How to Build Dynamo 
Electric Machinery, embracing Theory Designlntt- 
and Construction of Dynamos and Motors, with 
appendices on Field Magnet and Armature Winding, 
Management of Dynamos and Motors, and Useful 
Tables of Wire Gauges. Illustrated. 8vo, doth ... S 60 

Electricity and its Recent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictiouary of Electrical Terms and 
Phrases. Illustrated. 12mo, cloth 2 00 

TUCKER (Dr. J. H.). A Manual of Sugar Analysia, 
including the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of (Jane Sugar. Dextrose, 
Levulose, and Milk Sugar. 8vo, cloth. Illustrated. 8 fiO 

TUMURZ (Dr. O.). Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treateu. Translated from the German by D. Robert- 
son. Illustrated. 12mo, cloth 125 

rUNNER (P. A.). Treatise on RoU-Tumlng for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. 8vo, cloth, 
with folio atlas of plates 10 00 

URQUHART (J. W.). Electric Light Fitting. Em- 
l>odying Practical Notes on Installation M anagement. 
A Hand-book for Working Electrical Engineers— 
with numerous illustrations. 12mo, cloth 2 00 

- Electro-Plating. A Practical Hand-book on the 
Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 2 00 




ITBQUHART, (J. W.>. J}jn^mo Conetnic-tion : a 
rtactical Htttid-book for th& U»& of Eugineer Con- 
struct ors and Electrlcmns In Charge* embmciug 
Framo Work Building;, Field Magnet and Armature 
WLndine and Qroiipju^, Compoundlnp, etc with 
Examples of Lieiidiug Englisti, Amerlcim and Con- 
tinental DyDamos and Motors, with nuaierouu lUus- 
iratiotis, 12mo, cloth. ..*........*.•.* 3 €(► 

Electric Ship Lighting. A Handbook on the 

Practical Fitting ana Kuonlng of Chip's Electrical 
Plant. For the Use of Bbip Ownera an J Builders, 
Marine Ult^ctriclaua and Sea Golnff Engiaeers-in- 
Oharge. Numerous illiistrations. l2mo, ctoih .... 3 CO 

irNivE:R3Ar. tib^i^eokafh clphbb code. 

Arranged for General Correepondeace. iStoo, elotli. 1 W 

VAW NOSTRANR'S KNGi:NEERINa MAOA- 

Z I N E, Complete sets, 1 861) to 1 88{j ioclufliTe. 

Completeseta, 35 Toifi., Incloth *» .......60 00 

Complete seta, 3S volfl^s in hiUf tnorocco ,,,.,. 1(W 00 

TAN WAGENEN OC* F,). Manual of Hydraulic 
Mining. F€hr the Use of the Practical Miuen 
HevisGd and enJarged edition. IBmO) cloth 1 CO 

WALKER <gIDNET F.), Electric Lighting for 
Marine En gineeroi, or How to Ll^ht a Ship by the 
EleclHc Light and How to Keep the Apparatus in 
Order. 103 illustrations. Svo^cioth. Second edition. 2 00 

WALLIS-TAYLER (A, J.)- Modern Cyclesi. A 
Practlcai Hand-book on their Construction and 
Hepair. With aoo illustratioiia. ^o, elotb. .... 4 OO 

Motor Cars, or Power Carriages for Gommon 

Koadfi. BvOf cloth, with numerous iUuetratJons. 1 i^ 

'- Beoringis and Lubrication. A Hand-book for 

every uaer of Machinery, 8?o, cloth, luliy iUua- 
trated .,„ 1 BO 

Refrtgeration and Cold Storage, and tee- making. 

A pratitical treatise on the art and sclenee of refrig- 
eration. With aei GUIS and diagrams. 8vo. Cloth. 
Illustrated . , * .net 4 BO 

— ^ Sugar Machinery. A DeaoriptiTe Treatise devoted 
to the Machlni^ry and Apnaratua used in the Manu- 
facture of C«ne and Beet BugarB. 12mo, cloth, 
liluitrated .., .,. S QQ 
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^WAinu:.TN (J. A.). A FnetloAl Traitin o« a 
Kraminafion of Milk and its DerlTatiTea, Onn 
Butter, and Cheeae. ISOko, cloth 

Water Analyaia. A Praotioal Treatiae on ti 

Examination of Potable Water. Tenth Bdltioi 
l^xnOfCloth , 

WANABROUOH (WM. D.). The A. B. O. of til 
DiflTerential Calculus. 12mo, doth 

WARD (J. H.). Steam for the Million. A I^jxJa 
Trea iae on Steam, and irs application to the tfaefi 
Arts, especially to Navigation. 8to, cloth 

WABINO (GKO. B., Jr.). Sewerage and Lan 
Drainaffe. Illustrated with wood-cuts in the tozi 
and f uU-page and folding plates. Quarto. GloU 
Third edition 

Modem Methods of Sewage Disposal for Towni 

Public Institutions and Isolated Houses. Seoon 
sedition, reTised and enlarged. 880 pages. Wxu 
trated. Oloth 

How to Drain a House. Practical Informatio 

for Householders. New and enlarged edition. Ifluu 
cloth 

fTATSON (B. P.). Small Engines and Boilen. i 
Manual of Concise and Specdflc Directions for th 
Construction of Small Steam Engines and Boilers o 
Modem Types from five Horse-power down to mode 
sizes. ISmq, cloth. Ulustratea with Numerous Dii 
grams and Half Tone Cuts. New York» 1899 

WATT (AliEXANDBB). The Electro-plating an< 
Electro-refining of Metals : being a new editfon o 
Alexander Watt*8 ** Electro-deposition." BoTisA 
and largely rewritten by Arnold Philip, B.Sc Wit] 
numerous figures and engraviugs. 6to. Cloth. J} 

lu8trated ne 

Electro-Metallurgy Practicslly Treated. Tent! 



edition, considerably enlarged. ISmo, doth. 

— The Art of Soap-MaUng. A Practical Hand-bool 
of the Manufacture of Hard and Soft Soaps, Toile 
Soaps, Sec Including many New Processes, and i 
Chapter on the Recorery of Glycerine from Wast 
Leys. With illustrations. Fourth edition, revise 
-and enlarged. 8to 




WATT { AliBXANDER), The Art of Leather Manu- 
fftcture, Beinff & Practical Hand-btjok, iu whicrh 
the Operations of Tauning:, Ourrjiug, and LeathDr 
I>r«ftslog are Fully Doacrlibed. and the PrlDciples of 
TajmlQK ErplftinedT &nd raaoy Kecent Proc#fisc« 
Intpodticed. With numerous lUustratious. Second 
edition. STO.doth „.,.400 

WSAI.K (JOHN). A DlctioharF of Terms Uaod in 
Architocture, Bulldliig, EnKioeerlnK, Minlag^, Metal- 
Jurgy. ArchaeoloKji the Fine Arte etc., withexplaoa- 
toiy obaerrationB connectt^d with applied Science 
«id Art. Tifth editioa, revieed and corrected. ISmo, 

dloth SfiO 

— Weale*8 Rudfmeotarr Sclentinc SeiiaB (Catalogue 
sant ou application). 

"WKSB (UEBBKRT E.AW3). A Practical Guide ta 
tbe Testing of Insulated Wtrefl and Cablee. Illus- 
trated, l2tuo, cloth *..,....*. .,„,.... 1 m 

The TelepJione Hand-book. 1S8 muatrations. 

14a pages. Iflnao, cloth..., ., ...,. ..*.,,.. . 100 

WEKKlsa (R. W,), The Beslgn of Alternate CJuirent 
Transf ormera. tlLuatrated. I2&0, cloth *.«.... 100 

WRI8BACH (JUtlUS). A Manual of Theoretical 
Mechanics, 14 loth American edition. Trau slated 
from the fourth au_eTnentje<l und improved German 
edition, with an Introduction to the Calculus hj 
Eckley B, Coxe, A*M,,MiniiiKEnefneer. MOOpaKefif 
and 902 wood -cut Jllustrations, Svo^ cloth . , , , , , . fi 00 
Sheep,.,., ,, ..,,,.,. 7 50 

WBSTOX (EDMTTND BO, Tables Shewing Loss of 
Head Due to Friction of "Water in Fipea. Second 
ediilou. 12iuo, leather. *,,.,»,..*.*,,.......,,*>,,... I M 

WErMOUTM (F. MAllTKTff)* Ifrum Armatures 
and Commutators, (rheory and Practice.) A com- 

Elete Treatiwj on the Th(!ary aod Construction of 
rtim Wludiiny:, ikud of cotnuiutators for Closed coil 
artnatures, together with a full resume of bottiq of 
the pHaclpaljpointslnvDlTM la thuir design ^ aod an 
expOBltion of armature reactions and sparldDg. 

ifU^ doth,.* ,..,,, ,,_.,.,, ..,300 

'WniTE (W.H., K,€.B.}. A Manual Of Naval Archl 
tecture, for use of Omcere of the Roy&l Navy, om* 
cers of the Mercantile MaHntt, Yac busmen, Ship^ 
ownePaandShipbuElders. CoiitaininjiinftTiyfiKures, 
di&srama and tables. Thick Hvo, cloth, illus., ^ ...,, 9 00 
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WHEEIiEB (Prof. J. B.). Art of War. A Course 
of Instruction in the Elements of the Art and 
Science of War« for the Use of the Cadets of the 
United States Military Academy, West Point, N. Y. 
12mo, cloth 175 

• Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United 
States Military Academy, West Point, N. Y. 12mo. 1 75 

WHIPPI^ (S., C. E.). An Elementary and Practical 
Treatise on Bridge Building. 8vo, cloth .' . . . 3 00 

WII.KINSON (H. ».). Submarine Cable-Laying, 

Repairing and Testing. 8vo, cloth 4 00 

WUXIAMSON (K. S.). On the Uee of the Barome- 
ter on Surveys and Reconnoisbances. Parti. Mete- 
orology in its Connection with Hypsometry. Part n. 
Barometric Hypsometry. With illustrative tables 
and engravings, 4to, cloth 15 00 

WIIXIAMSON (E. S.). Practical Tables in Meteo- 
rology and Hpsometry, in connection with the use 
of the Barometer. 4to, cloth 2 50 

WIIiSON (GEO.). Inorganic Chemistiy, with New 
Notation. Revised and enlarged byH. G. Madan. 
Newedition. 12mo, cloth 2 00 

WOODBURY (D. V.). Treatise on the Various Ele- 
ments of Stability in the Well-Proportioned Arch. 
8 vo, half morocco 4 00 

WRIGHT (T. W.). A Treatise on the Adjustment of 
Observation s. With appl ications to Geodetic Work, 
and other Measures of Precision. 8vo, cloth 4 00 

Elements of Mechanics; including Kinematics, 

Kinetics and Statics. W ith application. 8vo, cloth.. 2 50 

WYIilE (CliAUDE). Iron and Steel Founding. Illus- 
trated with 89 diagrams. Second edition, revised 
and enlarged. 8vo, cloth 2 00 

YOUNG (J. EI.TON). Electrical Testing for Tele- 
graph Engineers, with Appendices consisting of 
Tables. 8vo, cloth. Illustrated 4 00 

YOUNG SEAMAN'S MANUAX. Compiled from 
Various Authorities, and Illustrated with Numerous 
Original and Select Designs, for the Use of the 
United States Trainhig Ships and the Marine 
Schools. 8vo, half roan 8 00 

ZIPSEB (JUIilUS). Textile Raw Materials, and their 
Conversion into Yarns. Translated from the Ger- 
man by Ohas. Salter. 8vo, cloth. Illustrated 5 00 
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